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Bendix Mechanical 4-Wheel Brakes multiply a light 
pedal-pressure into a smoothly powerful braking force. 


They are simple in design; instant and positive in their 
response and release; with brake shoes of standardized 
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coaches, and trucks; and by a million and a half smart: 
motorists. 
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Six Society Meetings Scheduled 


Technical Programs Now Being Arranged by Committees for 
Aeronautic, Transportation and Production Meetings 


_ calendar of Society meetings, 
given on the following page, re- 
ceived final approval by the Meetings 
Committee and the Council during the 
Summer Meeting at Quebec, and the 
Technical Program Committees are 
now outlining the technical sessions 
and arranging for the papers that will 
be given at these various meetings. 

Members interested in the profes- 
sional activities of the Society that are 
being featured by the several meetings 
planned are urged to communicate with 
the chairmen of the technical commit- 
tees. Only with the full cooperation of 
the membership can technical programs 
be prepared that will warrant the 
amount of time and expense involved 
in preparing for, conducting and at- 
tending the technical meetings. 

A classification of the membership 
of the Society is given in this issue in 
Chronicle and Comment, p. 131. From 
this classification it will be realized 
that a large percentage of the member- 
ship is directly interested in the Aero- 
nautic, Transportation, and Production 
Meetings scheduled. The entire mem- 
bership is interested in each of them 
to some extent, no doubt, but it is 
recognized that active support of the 
meetings activities must come from the 
members directly concerned. Those 
who desire to get in touch with the 
chairmen of the technical committees 
are invited to do so promptly through 
the Meetings Department of the So- 
ciety or to communicate directly with 
the chairmen. 


AERONAUTIC MEETINGS 


The Western Aeronautic Meeting 
will be held in Los Angeles on Sept. 11 
and 12, at the time and place of the 
National Air Races. Papers have been 
promised by C. S. Moody, of the 
Pacific Scientific Co.; J. K. Northrop, 
of the Lockheed Aircraft Co.; George 
H. Prudden, of the Prudden-San Diego 
Airplane Co.; Mac Short, of the Stear- 
man Aircraft Co.; H. V. Thaden, of 
the Thaden Metal Aircraft Corp.; 
Waldo N. Waterman and James G. 
Woolley, of the Western Air Express 


Co., Inc., and Commander E. E. Wil- 
son. Commander Wilson’s paper will 
deal with the relation of battle tactics 
to design technique. 

Local arrangements for this meeting 
are being made by Ethelbert Favary, 
a member of the Aeronautic Meeting 
Committee, of which Glenn L. Martin 
is chairman. Other members of the 
committee are the Hon. E. P. Warner, 
L. M. Woolson and Ear! D. Osborn. 

It is expected that a session of the 
Aeronautic Standards Division will be 
held at the meeting to carry forward 
the important program of aeronautic 
standardization which was reported in 
the June issue of THE JOURNAL, p. 697, 
and on p. 203 of this issue. 

Meetings Bulletins giving detailed in- 
formation regarding the Los Angeles 
meeting will be mailed to members dur- 
ing the next few weeks. 

The Eastern Aeronautic Meeting is 
to be held in Chicago on Dec. 6 and 7. 
The Aeronautic Meeting Committee has 
outlined a comprehensive program for 
the Chicago sessions. 

The Aeronautic Operation Dinner- 
Meeting will be held in New York City 
during the week of the Automobile 
Show. The date will be decided shortly. 


TRANSPORTATION MEETING 


At a meeting of the Transportation 
Meeting Technical Program Committee 
held in New York City on July 18, a 
tentative technical program was de- 
cided upon. The committee consists of 
F. C. Horner, chairman; H. F. Bacon, 
W. F. Banks, H. R. Cobleigh, C. J. 
Fagg, F. K. Glynn, A. W. Herrington, 
E. F. Loomis, A. D. Way and J. F. 
Winchester. Seven technical sessions 
are planned for the three days, Oct. 
17 to 19, together with a Transporta- 
tion Banquet on the evening of Oct. 18. 


The meeting will be held at the Robert 
Treat, Newark, N. J. 


PRODUCTION MEETING 


Under the chairmanship of E. P. 
Blanchard, the Technical Program 
Committee for the Production Meeting 
is rounding out the technical sessions 
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for Nov. 22 and 23, which will be held 
at the Book-Cadillac, Detroit. Members 
of the committee, in addition to Mr. 
Blanchard, are: J. B. Armitage, A. H. 
Fors, G. Walker Gilmer, Jr., Guy Hub- 
bard, Erik Oberg and John Younger. 
Members primarily interested in pro- 
duction have been asked by Chairman 
Blanchard to suggest subjects and 
speakers for consideration by the Com- 
mittee. Only by making the program 
cover the problems that confront the 
production engineers today can a pro- 
gram be arranged that will attract to 
the meeting the production engineers 
and executives who are qualified to dis- 
cuss the various problems. 


ANNUAL DINNER 


The Annual Dinner Committee is 
making. plans, under the chairmanship 
of Sidney R. Dresser, for a dinner that 
will be decidedly different from recent 
Annual Dinners. The feature of the 
dinner on Jan. 10 will be, according to 
present plans, a short humorous play- 
let, the talent being drawn from 
Broadway. 


1929 SUMMER MEETING 


At the Meetings Committee meeting 
at Quebec, the location for the 1929 
Summer Meeting was discussed, pos- 
sibilities mentioned including French 
Lick Springs, White Sulphur Springs, 
Spring Lake, Atlantic City, and an 
ocean cruise. No final action was taken. 
The Meetings Committee would appre- 
ciate receiving suggestions and opin- 
ions as to the 1929 Summer Meeting, as 
it is necessary to make definite hotel 
arrangements in the near future. 


1928 SUMMER MEETING PAPERS 


Members desiring copies of any of 
the papers presented at the Summer 
Meeting reported in the news account 
of the Quebec meeting in the July issue 
of the S.A.E. JOURNAL should communi- 
cate with the office of the Society, as a 
limited number of preprinted and 
mimeograph copies of the papers are 
available for distribution. 























Meetings Calendar 





Western Aeronautic Meeting 
Sept. 11 and 12, 1928 
Biltmore Hotel, Los Angeles 


Transportation Meeting 
Oct. 17 to 19, 1928 
The Robert Treat, Newark, N. J. 


Production Meeting 
Nov. 22 and 23, 1928 
Book-Cadillac Hotel, Detroit 


Eastern Aeronautic Meeting 
Dec. 6 and 7, 1928 
Chicago 


Aeronautic Operation Meeting 


January, 1929 
New York City 


Annual Dinner 
Jan. 10, 1929 
New York City 






Annual Meeting 
Jan. 15 to 18, 1929 
Book-Cadillac Hotel, Detroit 
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Chronicle and Comment 





Curtailed S.A.E. Service in August 


URING the 2 weeks from Aug. 6 to 20 the office 

of the Society in New York City will be maintained 
by a mere skeleton of the staff while all the rest of the 
employes take a simultaneous vacation. A few em- 
ployes will be in attendance to handle incoming matters 
of importance that require immediate attention. In 
general, however, the office will be regarded as closed 
for the period. 


How Society Membership Is Constituted 


CLASSIFICATION that has been made of the 

membership of the Society should be of interest to 
the members in general, as well as helpful to the offi- 
cers, councilors and committee chairmen and members 
in planning the activities of the Society. 

Based on the nature of the work in which they are 
engaged, the 6649 members, as of May 1, 1928, includ- 
ing enrolled students, are interested primarily in the 
several lines of engineering in the percentages below. 


CLASSIFICATION BY WORK 
Per Cent 

Design and Research 32 
Executive Management 24 
Sales 13 
Production 12 
Operation and Maintenance 8 
Miscellaneous 11 

100 


Another classification of interest is that according to 
product of the companies with which the members are 
associated. 


CLASSIFICATION BY PRODUCT 


Per Cent 
Chassis Parts and Engines 34 
Passenger-Cars 12 
Motor-Trucks and Fire Apparatus 8 
Raw Materials and Unfinished Parts ij 
Education 7 
Aircraft 4 
Industrial Engines and Machinery 4 
Machine-tools 4 
Motorcoaches 2 
Bodies 2 
Tractors 2 
Motorboat 1 
Miscellaneous 13 


Financial Policy of the Society 


HE question as to what the financial policy of the 

Society is has been asked repeatedly recently. Many 
of the members, seeing an increasing reserve each year, 
seem to think that this money might be used at once for 
various purposes. As Treasurer of the Society I desire 
to make the following statement. 

During the early years of existence of the S.A.E. 
its objects of standardization and promoting engineer- 
ing interests were so overwhelming that it was difficult 
to build up membership and funds to support this work, 
Which has saved the industry incalculable dollars, and 
has been a guiding and sustaining artery of its present 
accomplishments. 

Only within recent years have there been surplus 
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funds—which have accumulated through increase in 
membership, appreciation of the advertising value of 
the S.A.E. JOURNAL and careful management of the 
details of the organization. Such funds as have accu- 
mulated are not the result of a definitely arranged policy 
to build up a surplus but of a gradual accumulation 
of savings beyond such expenditures as were necessary 
to maintain the Society’s high standards. 

Ten years ago, when I was elected Treasurer of the 
Society, there was approximately $35,000 unexpended 
income. Five years ago, when the unexpended income 
had grown to $100,000, I felt that it should be under the 
custodianship of one of the soundest trustees that could 
be selected. The Chemical National Bank of New York 
was chosen, and only investments legal for trust funds 
in Connecticut and New York were made. The unex- 
pended income has increased to over $200,000. Mean- 
time thoughts have developed in the minds of its guardi- 
ans, How much should this fund be allowed to grow? 
Why should it be allowed to grow? How should it be 
expended for the best interests of the Society and its 
members? In other words, What is the financial policy 
of the S.A.E.? 

The only financial policy the S.A.E. now has is to 
conserve the highest interests of the Society and the in- 
trinsic value of THE JOURNAL, so that the young engi- 
neers of today will join and reap the greatest good from 
membership and the §.A.E. JOURNAL continue to be the 
most direct and best advertising medium for both its 
advertisers and readers. 

It must be borne in mind that the Society was or- 
ganized for the purpose of promoting the engineering 
interests of the industry and not for profit. At the 
same time, the fact must not be overlooked that the 
greater the organization and its activities, the greater 
the need for its protection against days when, due to 
conditions beyond its control, its income might be cur- 
tailed, so that the organization will not be disrupted 
or destroyed and the returns to its members reduced to 
such an extent that the Society would lose its value to 
its members. 

Every well-organized enterprise has its “reserve 
fund” in some form for its protection and to assure its 
continuity. 

The present unexpended fund is approximately half 
of our yearly turnover. This amount can neither be con- 
sidered excessive nor be viewed as adequate for all fu- 
ture needs. The amount for the future can best be de- 
termined by the growth and activities of the Society as 
they appear and by the general economic conditions of 
the industry. But there should be a gradual increase 
in the reserve fund of the Society each year to guaran- 
tee the continuance, stability and increasing interests 
and value to its present and future members. 

Owing to the fact that the Society’s structure involves 
yearly changes of its administrators, its policies can 
hardly help varying in accordance with the various 
ideas of the individuals who hold office. Necessarily 
it is difficult at any time to settle upon any plan more 
definite than to maintain the basis of ever taking care 
of the Society’s best interests in accordance with its 
growth.—C. B. Whittelsey, treasurer. 











The Synchrometer for Brake Testing 


By Cuarves F. Situ! 


New ENGLAND Secrion Parer 


ROPER brake testing is stated to involve the 

measuring and recording of vehicle deceleration 
and rate of speed for every foot of individual wheel 
travel during the period from the initial application 
of the brakes up to the moment the car comes to a 
standstill. 

The brake synchrometer, designed to duplicate the 
conditions under which a vehicle is tested on the road, 
embodies the principle of traction between each tire 
of the vehicle, on one hand, and a rotor on the other 
hand. The kinetic enegery of the four testing rotors 
must be equal to the energy of a vehicle of a certain 
weight at a given testing speed. 

The author describes a brake synchrometer de- 
signed for testing vehicles of 3500-lb. weight, which 
machine, however, is adjustable to compensate for 


HE brake synchrometer was developed with the 

definite idea that a true brake-testing machine 

must test vehicle brakes under road operating 
conditions; that is, the same velocities, tire distortions, 
chassis stresses and brake-shoe pressures must be re- 
produced faithfully and the resultants measured and 
recorded. 

The brake synchrometer shown in Fig. 1 is the only 
brake-testing machine on the market for testing brakes 
in this way, and it is the only machine that auto- 
matically makes a permanent record of the decelerating 
characteristics of each individual wheel, plotting the 
wheel’s rate of speed for each foot of travel throughout 
the decelerating period. 

The basic principle of the brake synchrometer is the 
law that a flywheel, revolving 
at a given speed, possesses a 
definite kinetic energy; also, 
given a plurality of duplicate 
flywheels run at the same 
speed, all will possess exactly 
the same energy and will be 
able to overcome or absorb 
precisely the same resistance 
to their movement. The con- 
struction and operation of the 


brake _ synchrometer' are 
founded on the foregoing 
facts. 


A certain well-known car 
weighing 4600 lb., which is 
advertised as having a 72-hp. 
engine, requires 18 2/5 sec- 


Illustrated with PHoroGrarus AND CHARTS 


greater or lesser car weight, so as to include heavier 
or lighter vehicles in its test range. He explains the 
method of testing all the brakes of a vehicle indi- 
vidually at the same time, or of measuring and re- 
cording the combined capacity of the four brakes. 

By an electrical method, accurate records are ob- 
tainable of the average speed in miles per hour of 
each wheel for each foot of travel during the braking 
period. These records serve as a basis for distance- 
speed curves, giving percentage readings of decelera- 
tion-rate variation. 

The plotting of curves showing differences in syn- 
chrometer operating speed required to compensate for 
differences in vehicle weight is described, and experi- 
ences are given to illustrate the operation of the brake 
synchrometer in practice. 


will bring this car to a standstill from a speed of 25 
m.p.h. in 3 sec. or less, the brakes having to absorb and 
dissipate the output of the 72-hp. engine in one-sixth 
the time the engine develops it, or at a rate of 100 to 
400 h.p. That is what the brakes must do on the road, 
and our contention is that they must be tested under 
identical conditions. 

Accustomed to seeing spectacular pick-ups and sud- 
den stops, few of us appreciate the terrific stresses in- 
volved, especially those inflicted on frames, springs, 
tires, and brake mechanisms, as well as the high tem- 
peratures which exist momentarily during deceleration 
at the braking surfaces. This temperature, according 
to a brake-lining manufacturer, runs from 1200 to 2000 
deg. fahr. during braking in a fairly sudden stop. 





Fic. 1—THE BRAKE SYNCHROMETER, WITH CAR IN POSITION 


onds to accelerate from a The Momentum Rotors, below the Car Wheels, and Simultaneously Disconnects the Four 
standstill to 25 m.p.h., ac- are Driven by Drums on Which the Wheels Rotors So That They Revolve Independently by 
cording to tests made by Turn. The Drums Are Interconnected So That Their Own Momentum, and an Instrument 
its manufacturer. Its brakes All Four Are Driven by the Rear Drive-Wheels Records the Stopping Distance of Each Car 
of the Car. When a Predetermined Speed Is Wheel. The Total Braking Effect Is De- 

* Chief engineer, Brake Synchrom- Attained, the Car Clutch Is Disengaged and termined from the Collective Results Obtained 


eter Co., Boston. the Brakes Applied. 


A Solenoid Automatically 
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Fic. 2—THE SYNCHROMETER FROM THE REAR 


This Shows Plainly the Relation of the Rotors, Drums and Con- 
necting Shaft. Turnbuckle Car-Anchors Are Seen at the Rear 


and Front Center. Recording Instruments Are Contained in the 


Two Cases Mounted on the Rotor Guards on the Right 


The brake synchrometer measures and records the 
effect of these stresses and temperatures on decelera- 
tion, not only for the vehicle as a unit, but for each 
wheel individually and for each foot of its travel 
throughout the decelerating process. An automobile in 
motion possesses energy in a definite amount that is 
dependent upon the weight and velocity of the vehicle. 
To bring the vehicle to a stop, its brakes must absorb 
and dissipate this energy, chiefly in the form of heat 
and at a rate approximately proportional to the rate 
of deceleration of its braking surfaces. If this rate can 
be maintained with the car held stationary when the 
brakes are applied, for instance, through the medium 
of a moving roadbed or track possessing the same en- 
ergy that the vehicle possessed when moving at equal 
speed, the effects noted will be precisely the same that 
occurred when the brakes were applied with the vehicle 
inmotion. This is the underlying principle of the brake 
synchrometer. 

The testing machine consists mainly of four fly- 
wheels, or rotors, mounted in bearings and capable of 
being positively engaged with one another and rotated 
in unison, or of being disengaged from one another and 
free to rotate independently in accordance with such 
forces as may be brought to bear upon them indepen- 
dently. Each wheel of the vehicle rests upon a drum 
which is connected directly to one of these rotors. These 
drums can be seen plainly in Fig. 2. The flywheels 
are engaged with one another and the engine and gear- 
shift of the automobile are operated exactly as though 
on the road. The engine and drive wheels are accel- 
erated until the combined mass of the four rotors 
possesses the same kinetic energy that the vehicle under 
test possesses when it is operated on the road at a 
speed selected for testing. 


COMPENSATING FOR DIFFERENCES OF WEIGHT 


Arbitrarily, the flywheels of the brake synchrometer 
have been designed dynamically for normally testing a 
vehicle weighing 3500 lb.; that is, in testing a vehicle 
of that weight, the rotors are run at the speed at which 
it is desired to test the brakes of the vehicles. Heavier 
cars are run at a slightly higher speed, and vehicles 





weighing less than 3500 lb. at a correspondingly slower 
speed, the total energy of the flywheels being in either 
event the same as that of the vehicle at the testing 
speed. 

In operation, a man determines the weight of a car 
and operates it on the brake synchrometer. When the 
testing speed is reached, the brakes are applied. The 
rotors are simultaneously and automatically discon- 
nected from one another and the recording instruments 
are set in motion, registering independentiy the num- 
ber of feet and inches each wheel travels before it 
comes to rest. 

When the brakes are applied, each brake has the task 
of arresting the movement of an independently revolv- 
ing flywheel, the kinetic energy of which equals one- 
fourth that of the vehicle under test when operated on 
the road at the selected speed. Therefore, in arresting 
the rotation of the individual rotors through the me- 
dium of the respective brakes, the functioning ability 
of each wheel brake is tested and graphically recorded. 
The total braking effect possessed by the vehicle under 
test is determined from the collective results obtained 
from the brakes on all the wheels. 

For service-station work, the brake synchrometer 
usually is provided with an odometer for each wheel, to 
record in feet and fractions of feet the distance traveled 
by each wheel after the brakes are applied. For the 
use of brake engineers and others who require a close 
study of brake action, a small electric attachment 
records the brake action of a vehicle on a tape, as shown 
in the lower part of Fig. 3. 

When the brakes are applied, the tape is passed un- 
der four electrodes, one for each wheel, by a small 
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Fig. 3—TAPE RECORD AND BRAKING CURVES PLOTTED FROM IT 


Below Is an Actual Record of the Braking Effect on Each Car 

Wheel. This Is Made by an Electrical Instrument and the Space 

between Each Two Dots Represents 1 Ft. of Wheel Travel. The 

Average Speed for Any Particular Foot of Travel Is Read Directly 

in Miles per Hour by Measuring the Length of the Space, and 

Distance-Speed Curves, as Shown Above, Can Be Plotted from the 
Readings 
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Fic. 4—INSTRUMENT FOR READING SPEED FROM TAPE RECORD 

The Interval between Dots at the Lower Points of the Instrument 

Represents the Time for 1 Ft. of Wheel Travel. This Is Read 

in Miles per Hour on the Scale at the Upper End of the Movable 
Arm 





on each rotor shaft operate breaker mechanism timed 
to pass a high-tension spark through the paper at each 
foot of wheel travel. As each space between two dots 
represents 1 ft. of road travel, the average speed for 
any particular foot of travel is read directly in miles 
per hour by measuring the length of the corresponding 
space with the instrument shown in Fig. 4. 

Distance-speed curves can be plotted from these 
readings, on semi-logarithmic section paper, to make 
possible direct percentage readings between the decel- 
erating rates of the various wheels. These curves are 
shown in the upper portion of Fig. 3. The tapes and 
curves render apparent many peculiarities of brake 
action. For example, the alternately decreasing and 
increasing rate of deceleration of the right front wheel 
of the vehicle under test was found to be due to an 
eccentric brake-drum. 

The test tape shows the speed of the vehicle before 
the brakes were applied, the total elapsed time during 
which each wheel was in motion thereafter, the average 
rate of speed for each foot of travel of each wheel 
throughout the decelerating period, and the actual stop- 
ping distance of the car. It is interesting to note that, 
for the last foot of travel during the decelerating 
period, the speed of the vehicle averaged 2.5 m.p.h. 

While stopping-distance tests are made, as a matter 
of choice and accepted practice, from a speed of 20 
m.p.h., they may, on the brake synchrometer, be made 
at any speed up to 35 m.p.h. 

As I have said, the rotors of the brake synchrometer 
are designed for par with vehicles weighing 3500 lb.; 
that is, when the synchrometer is run at any testing 
speed, the rotors possess exactly the same kinetic en- 
ergy that a 3500-lb. vehicle would possess when driven 
on the road at that speed. However, if the vehicle un- 
der test weighs more or less than 3500 lb., a parallel 
increase or decrease in the kinetic energy of the rotors 
must be made. 

The solid-line curve in Fig. 5 shows the difference in 
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synchrometer speed required to compensate for the 
difference in vehicle weight. The data for this curve 
were obtained as follows: Three vehicles, weighing 2300, 
3500 and 4800 lb. respectively, were used. Exacting 
attention was given in each case to car weight, speed- 
ometer accuracy, and brake-drum temperatures during 
the tests. A brake-pedal stop was installed on each 
vehicle, to assure the same degree of brake-shoe pres- 
sure every time the brakes were appliéd. On each of 
these cars a red-lead gun was clamped on the running- 
board 6 in. from the ground, and the trigger was con- 
nected with the brake-pedals. 

We selected a stretch of road that provided a very 
high frictional coefficient, checked the speedometers, 
and made tests in both directions so as to average the 
windage and grade effects, and determine a consistent 
road-stopping distance. 

To determine a definite stopping-point, we set the 
pedal-stops on the cars having the red-lead gun at a 
point at which the brakes would not skid the tires on 
the road. Over a large number of tests we thus ob- 
tained a consistent stopping distance for each of the 
three vehicles. I do not recollect any stopping distance 
that varied 3 in. in testing a car under these conditions. 
The vehicles were tested successively on the synchrom- 
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Fic. 5—ACTUAL AND THEORETICAL CURVES OF SYNCHROME- 
TER SPEED REQUIRED FOR VEHICLES OF DIFFERENT WEIGHTS 
The Solid-Line Curve Was Plotted from Actual Tests of Three 
Vehicles Weighing Respectively 2300, 3500 and 4800 Lb. The 
Broken-Line Was Plotted as a Theoretical Weight-Speed Curve 
by a Disinterested Engineer from Rotor Dimensions and Weights 
Given Him. A Difference of Only 0.75 M.P.H. Exists between 
Theory and Practice 
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eter at various speeds until a speed was found for 
each vehicle that gave the same stopping distance as 
was secured in our road tests. The limit of accuracy 
possible with the synchrometer is set by the ability of 
the operator to read the speedometer. No mathematical 
calculations are required in interpreting the results of 
a synchrometer test. The operator determines from 
the plotted curve the speed required for testing a vehi- 
cle of a certain weight, then makes his test and reads 
the result directly in feet and fractions of feet, which, 
when averaged, equals the stopping distance on the road 
of the vehicle tested. 

Some time after developing this weight-speed curve 
we gave our flywheel dimensions to a disinterested en- 
gineer and asked him to plot a theoretical weight-speed 
curve. His curve is shown by the broken line in Fig. 
5, the solid line showing our own curve. A difference 
of only 0.75 m.p.h. existed between theory and prac- 
tice. 


DESCRIPTION OF BRAKE SYNCHROMETER 


Our machine, suitable for cars of 96 to 160-in. wheel- 
base, weighs about 7000 lb. It is 16 ft. long, 7 ft. 8 in. 
wide and 24 in. high. A lighter machine for testing 
smaller cars and a heavier machine for trucks and mo- 
torcoaches are in process of construction. Originally, as 
our machine stood rather high, we made every effort 
to reduce the height; but when it was installed in a 
number of service stations, the operators invariably 
raised it on timbers, as they found the brake mechanism 
more accessible when the machine was raised. 

We had first tried out the principle of the brake syn- 
chrometer in a machine with wheel drums directly on 
the flywheels. Later, in attempting to make a more 
efficient flywheel or one costing less to build, we de- 
signed a larger flywheel and reduced the size of the 
rotor. The rotors on the earlier machine weighed 2015 
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lb. each; the flywheels which we use today weigh 585 
lb., but are geared up so as to give practically the same 
energy with a 75-per cent reduction in rotor weight. 

Vehicle-stopping distances may be determined by 
averaging the four wheel-readings or by short-circuit- 
ing the solenoid that disengages the rotors from one 
another. All the rotors then travel the same distance, 
being locked together after the brakes are applied, and 
each rotor gives the correct number of feet within 
which the vehicle stops on the road. 


Rotors HAVE HIGH COEFFICIENT OF TRACTION 


We are often asked about the traction between the 
vehicle tires and the brake-synchrometer rotors. I do 
not know the coefficient on our brake rotors; but, while 
we have made road tests with the stops on the brake- 
pedal so adjusted that the car would skid, it would not 
skid when tested on the brake synchrometer with the 
same temperature and the same brake adjustments. 
Hence, the rotors have a higher coefficient than that 
of any road surfaces we could find. 

I have seen a car with very powerful brakes tested 
on the synchrometer with the rotors, which weighed 
600 lb. each and were 34 in. in diameter, revolving at 
300 r.p.m. The fact that the brakes stopped the heavy 
rotors in 154 revolutions indicates that there was ample 
excess of traction over any coefficient found on our 
present highways. 

The brake synchrometer can also be used to deter- 
mine brake drag and proves very accurate in such work. 
The machine is so sensitive and accurate that the 
effect of a drop of oil or water on the brake surface 
is easily measured. These machines are run, not only 
in laboratories with every facility and with well- 
planned lay-outs, but in open lots and uncovered. No 
source of power needs to be considered when installing 
them, as the vehicle being tested furnishes the power. 


THE DISCUSSION 


QUESTION :—How does one know, when a car is on 
the brake-testing machine, that the brakes are not drag- 
ging or overheating before they are applied? 

C. F. SmitH:—In our case, we run a coasting device. 
Each car has a normal coasting distance. All the cars 
have their peculiar characteristics relating to the rear- 
axle drag. The brake synchrometer measures the re- 
tarding effect of the driving gears. You can accelerate 
to any speed you wish, and are then guided by the coast- 
ing effect. If a car fails to coast 400 or 500 ft., you 
assume that something is wrong and look for it: Like- 
wise, if you see a marked difference, such as the left 
front wheel running 500 ft. and the rear wheel 300 ft., 
the reason for this should be investigated. With all 
the rotors running at the same speed and all subjected 
to their individual retarding effect, whether or not the 
brakes are applied, the degree of brake drag is denoted 
by the shortening-up of the distance run by each wheel. 

F. W. Parks’:—With the Cowdrey brake-testing ma- 
chine, the brake drag is determined by the reading it- 
self. Immediately upon starting the motor, and without 
applying the brake, a certain indication is shown on 
the dial. Suppose a service station were to handle only 


2Sales manager, Cowdrey Brake Tester Organization, Fitchburg, 
Mass. 


one make of car; the mechanics would soon come to 
know that a given model has a normal rear-wheel drag 
of 40 to 52 lb. and a front-wheel drag of 20 to 30 lIb.; 
hence any drag in excess of these figures would attract 
immediate attention. However, with the external type 
of brake, we do not recommend doing away with the 
use of the feeler gage, because it is impossible not to 
have small areas touching which do not show up on the 
machine. 

A MEMBER:—Will Mr. Smith explain how the coast- 
ing test is made? I assume it is made to determine 
whether the wheels are really running free. 

Mr. SMITH:—The rotors are all locked together 
through clutches so that they are driven positively and 
in unison, the rotors and recording instruments being 
so connected that all are operated from a single solenoid 
that disconnects the clutches and starts the instru- 
ments. When the operator closes a switch and the car 
is allowed to roll, individual wheel readings are given. 
According to the degree of drag, the runs of the wheels 
are shortened. A variation of 2 or 3 lb. of pressure in 
a tire makes a marked difference in the coasting dis- 
tance. 

QUESTION :—How are these machines used at the fac- 
tory, with cars having new brakes? Would not the 
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adjustment be altogether different than after a car had 
been run a few hundred miles? 

CHAIRMAN F. E. H. JOHNSON’:—At the factory, you 
are working with new linings which may have high 
spots and other conditions that differ from those of the 
lining in a car that has been run. With one of these 
machines it is possible to make a better brake adjust- 
ment than by the usual method of pulling the wheels 
around by hand. There is a distinct use for a brake- 
testing machine in the factory as well as in the service 
field, as the machine gives definite readings of the brak- 
ing effect on each wheel. 

QUESTION :—Have you ever had a tire blow out 
during a test on the machine? 

Mr. SMITH:—We have tested cars with some very 
soft flat tires, but I have no recollection of any blowing 
out. We can often detect a weak spot in a tire by the 
action of the tire. It is impossible for the vehicle to 
be dislodged if a tire does burst. 

QUESTION :—Will Mr. Parks explain how a testing 
machine operating at a constant rate of speed can be 


§M.S.A.E.—General service manager, Noyes Buick Co., Boston 


used to determine the stopping distance of cars oper- 
ated at various rates of speed? 

Mr. PARKS:—When the brakes are applied, the re- 
tarding force remains substantially the same through 
the entire car-stopping process. Admittedly, the rate 
of speed is diminishing constantly but, insofar as it is 
possible to measure it during that short interval of 
time in which the car is brought to a standstill, the re- 
tarding force is practically constant. Our theory, there- 
fore, is that the speed at which this retarding force is 
measured makes no difference; and for this reason we 
elect to measure it at low speeds, to minimize rises of 
temperature in the lining and also to enable us to de- 
termine the retarding force. We think that the process 
of brake adjustment can be performed best at a low 
brake-temperature. 

QUESTION :—Should not the car be freed up before 
the brakes are tested on the machine? 

Mr. PARKS:—Yes, if you refer to the adjusting of 
brakes, but not for merely testing them. A brake-test- 
ing machine in a service station is of no use unless the 
brake mechanism has been put in the proper condition 
for a test. 


The Rubber and Tire Outlook 


RUDE 


periods. 


rubber production falls into fairly distinct 

These are: 

(1) The period of wild-rubber production, mainly 
in tropical America and certain parts of Africa 

(2) The rise in plantation production 

(3) The demoralization of plantation 
after the war 

(4) The plantation situation under the Stevenson 
plan 


production 


A fifth period, now beginning, is a condition of unre- 
stricted production and exports. 

The Stevenson plan in itself, while temporarily effective, 
was an uneconomic solution of the difficulty. As the British 
did not control all sources of rubber supply, its net result 
has been mainly to the advantage of the Dutch rubber- 
grower, who refused to cooperate in any plan for restric- 
tion and whose production increased from 20,000 tons in 
1922 to about 95,000 tons in 1927. As a result also, the 
British ratio of the world’s total decreased from about 70 
per cent to about 40 per cent. 

American companies have had to buy 95 per cent of their 
raw material from foreign sources and have been more 
or less at the mercy of foreign attempts to control and 
manipulate the price. As, owing to the nature of the in 
dustry, raw materials must be contracted for in relatively 
large volume and at relatively long range, inventory losses 
have been both large and common. -As a result, American 
manufacturers have taken several steps to improve their 
position in the situation. One American tire manufacturer 
is developing extensive plantations in Africa. Another has 
acquired a large acreage in the Dutch East Indies. An 
automobile producer has purchased 3,700,000 acres in the 
valley of the Amazon to be developed as a major rubber- 
producing area. Attempts are being made to produce rub- 
ber in the southwestern part of the United States from the 
guayule shrub. Edison is conducting experiments with rub- 
ber plants in Florida with encouraging results. 


All these plans are indicative of the determination on 
the part of American manufacturers to break loose from 
dependence on foreign-controlled supplies. Any material 
effect, however, is still some distance in the future. The 
rubber plantations started during the 1925 price rise will 
not be in production until 1931. A more important develop- 
ment has been the growth in the use of reclaimed rubber, 
the employment of which has increased from 67,000 tons in 
1922 to approximately 200,000 tons last year. As yet, how- 
ever, the foreign-controlled supply remains the dominant 
factor in.the market. 


TIRE INDUSTRY IN GOOD POSITION 


As an offset to the disadvantage of fluctuating raw 
material prices, the tire industry is fortunate in having 
a steadier demand for its products and a better annual ex- 
pansion in demand than most American industries. In 
every recent year production has been greater than the year 
preceding. 

Replacement demand is far more important to the tire 
industry than is that for original equipment. This is in- 
dicated by the fact that in 1927 the production of tires 
was greater by more than 6 per cent than in 1926, while 
the output of new motor-cars fell off 20 per cent. The 
1928 aggregate tire-industry capacity of the Country, some 
part of which is ineffective, is estimated at approximately 
80,000,000 tires. This is less than 15 per cent greater 
than the estimated requirements of 70,000,000 tires this 
year. 

Since 1922 the number of tire producers has decreased 
from about 230 to about 90, a decline of 60 per cent. Al- 
though there are now about 90 manufacturers, more than 
50 per cent of all the tires made are turned out by five 
large companies. The expenditure for tires in 1928 should 
exceed $800,000,000, a sum greater than the total cost of 
all the automobiles produced in any single year up to 1916. 

J. R. Nutt, president, Union Trust Co., in Trade Winds. 
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Legislation on Automobile Brakes 


By FE. H. Locxwoop' and H. W. Besr° 


DISCUSSION of motor-vehicle-brake laws prop- 

erly should be preceded by a consideration of 

the factors upon which safety in the use of 
brakes depends. During the development stages of the 
automobile, brakes were applied only to the rear wheels. 
Braking action was secured by separate drums on each 
wheel, or by a single drum on the propeller-shaft, which 
transmitted braking torque through the rear axles. 
Two sets of brakes were used: service brakes for stop- 
ping the vehicle, and parking 
brakes for holding the vehicle in 
the absence of a driver. The 
service brake usually was ap- 
plied by a pedal, with a spring 
for releasing the brake when 
pedal pressure was removed. 


The parking brake usually was Cars. 





For a background, the authors 
give a brief outline of the de- 
velopment of brakes in motor- 
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tirely independent sets of brakes. Hence this type of 
brake is not involved in the following discussion. 

Mechanical operation of four-wheel brakes has been 
largely used and apparently has served to transmit 
pedal pressure to the brake-bands quite as well as the 
closed-pipe system. Parking brakes can be combined 
with the service brakes in mechanically operated sys- 
tems, thus avoiding to a considerable extent the duplica- 
tion of parts in the braking system. 

Application of brakes to all the 
wheels was a long step toward 
safety, but other factors also 


must be considered. Probably 
many good braking systems 
have lost their’ effectiveness 


gradually through wear of the 


applied by hand, with a ratchet 
and notched segment for hold- 
ing pressure on the brake-shoes 


Existing legislation, said to be 
suitable for former conditions 
with two-wheel brakes, is not 


brake-linings and the resulting 
reduced and perhaps unequal 
force at the drums. This condi- 


when desired. The mechanisms 
for applying the two sets of 
brakes were entirely indepen- 
dent, each having its own levers, 
links and shoes. The parking 
brake, while not convenient for 
service use, was available in 
emergencies in case the service 
brake was disabled, and thus 
contributed to safety. 

Beginning about 1924, manu- 
facturers in this Country intro- 
duced brakes on the front as 
well as the rear wheels; and, by 
1927, four-wheel brakes had be- 
come standard equipment on all 
new models of passenger-car. 
Four-wheel brakes have made an 
important contribution to the 
safety of automobiles, as the distance required to make 
a quick stop has been reduced by about one-half and the 
tendency of the car to skid on sudden application of the 
brakes has been reduced. The wear of brake-linings 
has been reduced, because of twice as much rubbing 
surface on the shoes. 

Four-wheel brakes have brought new problems and 
complexities into mechanisms for applying brakes, be- 
cause of the increased number of parts and the special 
conditions relating to front-wheel action. Hydraulic 
or pneumatic pipe-lines, carrying fluid under pressure, 
are often used to transmit force to the brake-shoes, 
having the advantage of equalizing the force at all the 
brakes. The hydraulic system is suitable for service 
brakes only, and when used must be accompanied by 
mechanically operated parking-brakes, making two en- 


1M.S.A.2.—Professor of mechanical engineering, Sheffield Scien- 
tific School, Yale University, New Haven, Conn. 

2 M.S.A.J.—Instructor in mechanical engineering, 
Scientific School, Yale University, New Haven, Conn. 
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suited to present conditions. 

A new law has been drafted, 
for adoption in Eastern States 
and Provinces, which is planned 
to meet existing conditions by 
permitting dual operation of 
one set of brakes in lieu of 
duplicate braking systems. The 
text of this proposed law is 


While approving some fea- 
tures of this law, the authors 
express fear that its interpreta- 
tion might substantially reenact 
the objectionable features of 





tion might be remedied by a 
visit to the service station, but 
such a visit is not made, as a 
rule, until the driver has noticed 
a decided loss of brake control. 
Improved maintenance could be 
secured by providing the brake 
mechanism with convenient ad- 
justments by which the effects 
of wear could be taken up, giv- 
ing ample and equalized pres- 
sure on all brake-shoes. It is 
hardly too much to say that ad- 
justments for wear and equaliza- 
tion that could be operated 
easily by the driver would be an- 
other long step in the direction 
of braking safety. 

Many brake mechanisms lose 
their effectiveness under unfa- 
vorable weather conditions. In some cases rain will 
cause the brakes to require considerably greater pedal 
pressure, thus sometimes contributing to accidents. 
Snow or ice may cause even greater trouble, in extreme 
cases leaving the car with inoperative brakes. Gradual 
rusting of parts from which the lubricant has been 
washed off is another source of trouble. Injurious ef- 
fects of weather can be guarded against by proper de- 
sign of parts, especially by protecting the drums and 
shoes from exposure to the elements. 

Another possible source of brake trouble is the acci- 
dental fracturing or separating of some part of the 
mechanism as a result of faulty construction or design, 
but such troubles have become practically unknown un- 
der present methods of manufacture and inspection. 

The purpose of legislation regarding brake equipment 
is to protect the public by making sure that all vehicles 
shall be provided with the safest possible brakes. Ex- 
isting brake-laws have a general similarity, apparently 
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being patterned after early enactments formulated dur- 
ing the two-wheel-brake period. The laws specify, in 
substance, that every automobile shall be equipped with 
two sets of brakes which shall be completely independ- 
ent. This provision was complied with by all two-wheel 
brakes. 

With the introduction of four-wheel brakes, conflict 
of brake laws and brake mechanisms was discovered, 
in that the two sets of brakes were not, in all cases, 
separately applied. Thus the anomalous situation has 
arisen of efficient four-wheel-brake equipment agreeing 
with the spirit of the law but not with its letter, while 
the older and less safe two-wheel brakes conformed with 
the letter of the law but only imperfectly met existing 
demands for safety. The situation has been met in a 
broad-minded way by the motor-vehicle administrators, 
who have registered vehicles with the new brakes pro- 
visionally, pending a final decision on the question of 
violation of the law. An apparent remedy would be 
the enactment of new laws establishing broadly the 
principles that make for safety in brakes, giving to 
manufacturers a free hand in embodying these princi- 
ples in future vehicles. 

Changes to adapt the brake laws to existing types of 
equipment are now being considered. A definite recom- 
mendation has been made by the Eastern Conference 
of Motor-Vehicle Administrators, representing Eastern 
States and Provinces, which has formulated for adop- 
tion by the member States the following new law: 


PROPOSED BRAKE-LAW 


Every motor-vehicle operated in or upon any public 
highway in this State shall be equipped with brakes 
adequate to control the movement of and to stop such 
vehicle. Every automobile so operated shall be 
equipped with at least two braking systems, with two 
separate means of application, each operating on at 
least two wheels and each of which shall suffice to stop 
the vehicle within a proper distance. If these two sys- 
tems are connected in any way, they shall be so con- 
structed that failure of any one part of the oper- 
ating mechanism shall not leave the automobile with- 
out brakes on at least two wheels. One of these sys- 
tems shall be so constructed that it can be set to hold 
the vehicle. All such brakes shall be maintained in 
good working order and shall conform to regulations 
not inconsistent with this act to be promulgated by 
the Commissioner of Motor Vehicles. Every motor- 
cycle shall be provided with at least one brake, which 
may be operated by hand or foot. 


The proposed brake-law is of importance as register- 
ing the views of a body of experienced officials charged 
with the responsible duty of supervising the safety fea- 
tures of automobile equipment. This law is reported 
to have been enacted already by the legislatures of 
several States, and there is prospect of its early adop- 
tion by others. The law contains many admirable fea- 
tures, of which the most important is the proposed 
uniformity in the wording and interpretation of such 
legislation. 

It may be useful to list some of the factors that 
contribute to safety in the use of automobile brakes, 
of which the following are the more important: 


(1) To provide for stopping in the shortest possible 
distance without dangerous skidding 


(2) To have a suitable set of brakes for holding the 
vehicle stationary 


(3) To build the brake mechanism so that fracture or 
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separation of working parts will be practically 
impossible 


(4) To have convenient means of adjustment so that 


injurious effects of wear can be removed 
promptly 
(5) To protect parts against impairment of effec- 


tiveness by weather 


If all these features could be incorporated in the brake 
mechanism complete safety would result, so far as 
brakes can provide it. The proposed law prescribes two 
sets of brakes, each set sufficient to stop the vehicle 
within a proper distance, and one of which shall be a 
holding brake; also that the brakes shall be maintained 
in good order. The law further requires that the oper- 
ating mechanisms of the two sets of brakes shall be 
independent, with the obvious intent of keeping one set 
in reserve for use in case of failure of either set. 


WHAT WILL BE THE INTERPRETATION ? 


Complete separation of the two braking systems is 
qualified by the clause that, if the two systems are 
connected in any way, they shall be so constructed that 
the failure of any one part of the operating mechanism 
Shall not leave the automobile without brakes on at 
least two wheels. Such a qualifying clause is difficult 
of interpretation, and the practical outcome might be 
the requiring of complete separation of the two braking 
systems, thus substantially reenacting the objectionable 
feature of the existing law. 

The question at issue may be stated thus: Is it de- 
sirable, with four-wheel brakes, under present condi- 
tions, to require complete separation of the service and 
parking brakes? 

In spite of its official endorsement by motor-vehicle 
departments, many competent engineers will assert that 
such separation, with duplication of parts, will subtract 
from safety about as much as it will add; hence, the 
duplication of parts is not justifiable. Critics of this 
part of the proposed law dislike the implication that the 
service brakes of automobiles of the present high-speed 
types will fail to such an extent that recourse must be 
had to the parking brakes. They also feel that, in case 
of interconnection of the operating parts of the two 
sets of brakes, the operation of one set would not neces- 
sarily be affected by failure of the other set. It may 
be maintained that some safeguards are needed against 
future cheapening of brake equipment, with the result- 
ing lowering of safety standards. To this it may be 
replied that, in the essential units of the automobile, 
such as braking and steering parts, such safeguards 
hardly seem necessary since the self-interest of the 
manufacturer in maintaining public confidence in his 
product will operate more powerfully than any law. 


THREE PARTIES MOST CONCERNED IN SAFETY 


In dealing with the problem of safety in automobile 
brakes it may be recognized that the solution will de- 
pend upon the cooperation of three parties, each of 
whom must contribute his share. First, the manufac- 
turer’s part is to construct cars equipped with brakes 
adequate to stop the car quickly and safely, with pro- 
visions for adjustment and protection that will make it 
possible to keep the equipment in good operating condi- 
tion at all times. Under present manufacturing condi- 
tions it may be assumed that staffs of competent spe- 
cialists will be working on the problem of new features 
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that will add to the safety and effectiveness of brakes, 
as well as to reduce their cost. Encouraging progress 
already has been made in the direction of reliability and 
effectiveness of four-wheel brakes, with further develop- 
ment needed in the direction of better means of adjust- 
ment and better protection against weather. 

Second, the State motor-vehicle departments have 
general control of the operation of automobiles on the 
public highways. The motor-vehicle commissioner is 
in direct contact with every car owner or driver through 
the annual issuing of car registrations and drivers’ li- 
censes. His part in the brake-safety problem is, by 
advice, threats or punishment, to make the driver keep 
his brake equipment in good condition and to operate 
it in a safe manner. This has been done through vari- 
ous channels, such as educational bulletins, rules for 
the care and use of brake equipment, and legal enact- 
ments regarding brakes. That the motor-vehicle de- 
partments have much less contact with the manufac- 
turer is unfortunate, since both are working toward 
the same goal of safer and better automobiles for use 


on the highways. Possibly some channel for considera- 
tion of problems of common interest might be found 
between bodies like the Conference of Motor-Vehicle 
Administrators and the National Automobile Chamber 
of Commerce. 

The third party to the problem of brake safety is the 
car user in whose hands the equipment is finally placed. 
It must be admitted that the reputation of the typical 
user for care of the brake equipment is poor. He prob- 
ably will allow the brakes to lose much of their effective- 
ness before seeking help from the service station. This 
condition would be much improved if a simple method 
of brake adjustment were devised, capable of giving 
satisfactory results in the hands of an ordinary driver. 
Even after such brake equipment is available, it will 
require years for its general introduction; hence car 
users must be reminded as persistently as possible of 
the importance of keeping the brakes in good order. 
These reminders will come, of course, mostly from the 
motor-vehicle department, with aid from the press and 
from local automobile clubs and associations. 


THE DISCUSSION 


3. F. GRIFFIN’ :—Much remains to be done in educat- 
ing drivers to keep their brakes in good condition, which 
can best be done through the various motor-vehicle 
departments. Two or three times a year a drive is made 
in every city and sizable town in New Hampshire to 
check up on the brake equipment. To be sure, faulty 
brakes are found during each drive, but the inspectors 
and motorcycle officers report that there seems to be 
a general improvement. 

G. R. WELLINGTON*:—The General Assembly of the 
State of Rhode Island has passed a brake law conform- 
ing, as far as possible, with the resolution adopted at 
the January meeting of the Eastern Conference of Mo- 
tor-Vehicle Administrators. The only changes are that 
exceptions are allowed, at the discretion of the licensing 
authority, on motor-vehicles not exceeding 25 hp. used 
for road building, and that slight changes have been 
made in the second and third sentences, making them 
read as follows: 


Every motor-vehicle, except as hereinafter provided, 
so operated shall be equipped with at least two brak- 
ing systems, with two separate means of application, 
each operating on at least two wheels or on parts of 
the mechanism firmly connected with two wheels, and 
each of which shall suffice to stop the vehicle within 
a proper distance. If these two systems are con- 
nected, combined, or have any part in common, they 
shall be so constructed that the failure of any part 
of the operating mechanism shall not leave the ve- 
hicle without brakes on at least two wheels. 


The provision in regard to vehicles for road building 
was carried over from our old law, while the addition 
to the first sentence quoted was made because there was 
doubt that the language as adopted by the Conference 
was sufficiently clear in regard to the so-called drive- 
shaft brake. 

Commissioner of Motor Vehicles, Concord, N. H. 


‘Chief clerk, State Board of Public Roads, Motor-Vehicle De- 
partment, Providence, R. I. 


5 Commissioner of Motor Vehicles, Richmond, Va. 


6 Representing Charles A. Harnett, Commissioner of Motor 
Vehicles, Albany, N. Y. 


According to my view, the resolution had a two-fold 
purpose; first, changing the laws to meet accepted 
standards of engineering with a uniform regulation in 
a large group of States, and, second, to set up a standard 
of safety from which manufacturers may not deviate. 

The suggestion for some organization that might con- 
sider problems of common interest to bodies such as the 
Conference and the National Automobile Chamber of 
Commerce has much merit. I feel that an exchange of 
viewpoints would result in the solution of many prob- 
lems, in the interest of the general public, and might 
avoid some unnecessary restrictive legislation. 

J. M. HAYES, JR.°:—The proposed brake-law will meet 
absolutely the views of all who are interested in the sub- 
ject. 

I have long appreciated that the human element could 
not be relied upon in the adjustment of brakes, as skid- 
ding is due entirely to the unequal adjustment of brakes. 
Cars skid to the left on wet or sleek roads. The new 
modern brake-testing apparatus, which gives accurate 
readings for each wheel fitted with a brake, is much 
more accurate, and I believe that the universal use of 
this will have a very good effect. 


FUNDAMENTALS FOR MAKING LAWS 


AuGusT W. KALLMYER’:—Our attitude on this whole 
matter can be drawn from the following: 


(1) Brakes are placed on motor-vehicles for the pur- 
pose of decelerating or stopping the vehicle. 
Their value as a safety device lies in their 
ability as a brake and in the unlikelihood of 
their failure. 

(2) To assure safety in brakes on the highways, it is 
necessary to have reasonable laws and regula- 
tions that are sufficiently definite to establish 
a standard from which both the enforcing of- 
ficer and the motorist can readily determine 
when the law is violated. Such regulations 
should not be so broad as to make enforce- 
ment impossible, nor should they be so strict 
as to make compliance by the motorist im- 
possible, improbable or difficult. 
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(3) Laws and regulations containing requirements 
for the motorist should not be made without 
the prerequisite that the car be equipped with 
devices capable, under normal conditions and 
when in good working order, of meeting such 
laws and regulations. For this reason, it is 
necessary to establish requirements for the 
car manufacturer as well as for the motorist. 

(4) The motorist, as a rule, does not care to go over 
his car carefully for defects in the design of 
its equipment. He is not in a position to do 
this, or to change such equipment readily if 
he becomes aware of defects. For this reason, 
proper design of the equipment from the stand- 
point of safety must be left to the manufac- 
turer. 

(5) The motor-vehicle administrator is not particu- 
larly interested in design unless there appears 
a tendency toward, or an actual use of, a de- 
sign which is unsafe. 

No doubt interconnected brake-systems can be made 
as safe as independent systems. There is no quarrel 
with those who advocate the economical use of material. 
A question arises, however, as to how far such intercon- 
nection should go. The limit of interconnection is one 
set of brakes with two handles or means of application. 
Obviously, a set of brakes constructed so that the failure 
of any one part will leave the operator helpless is not 
a safe set. If, however, brakes are constructed so that 
the failure of a link in the operating mechanism will 
still leave the operator with brakes sufficient to control 
his car, it will meet all safety requirements. The quali- 
fying clause in the proposed brake-law appears to cover 
such a brake, and it does not seem that this is any 
more difficult of interpretation than is usually the case 
with any law. 

It is practically impossible to write a law that is not 
subject to some misinterpretation without going into 
such detail that progress in design is restricted. This, 
of course, no motor-vehicle administrator wishes to do. 
The only object of the administrator is to establish some 
rule that will place a limit on any tendency toward un- 
safe construction and will be uniform for all States. 


SAFETY SHOULD BE PARAMOUNT 


BENJAMIN G. EYNON':—Any discussion of legisla- 
tion dealing with automobile brakes should not be based 
on what some persons insist upon terming “relative 
safety”. There can be no compromise with safety, and, 
from the viewpoint of the motor-vehicle administrator, 
the object of any motor-vehicle brake law is to secure 
upon the highways vehicles with brakes that are safe 
for the daily traffic, which bids fair, within a short 
period, to become even more congested than it is. 

It is a matter of common knowledge that, before the 
advent of four-wheel brakes, the common legal method 
was to require an internal and an external brake on two 
wheels, one operating from the pedal and the other 
from the hand lever. These were designated as service 
and emergency brakes, respectively, and were absolutely 
independent of each other. It was not until it became 
necessary, or at least economical, to use a single system 
that the term “parking brake” was used. 

It seems that the authors have discounted to some ex- 
tent the contribution of the emergency brake to safety. 
True, it was the mechanism used for holding the vehicle 
in the absence of a driver, but unquestionably many 
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drivers believed, and undoubtedly still believe, that they 
had available a separate, effective and, what is most 
important, an immediate means of stopping their cars 
in an emergency. 

With the increasing tendency to raise legal speed- 
limits and in some cases to abolish them entirely, and 
with the propaganda which is being circulated by many 
motor-car manufacturers advertising high-speed per- 
formance for their products, it certainly behooves the 
authorities to protect the users of the highways by 
whatever means seem necessary, even though those 
means may seem to the manufacturer to be unduly re- 
strictive, or the cost not commensurate with his idea 
of the value of human lives. 

There is no question that, through the design and 
adjustment of four-wheel braking-systems, it is possible 
to have a much better distributed application of brakes, 
and, generally speaking, four-wheel brakes are safer 
than two-wheel brakes. On the other hand, everyone 
realizes that there are conditions under which four- 
wheel brakes, if not properly adjusted or not in good 
working order, are practically as dangerous as no brakes 
at all, and, if any part of a single-application system 
fails and more than two wheels are thereby left without 
effective brakes, a serious accident-hazard at once pre- 
sents itself. 


WHY Not Two SETS oF BRAKES? 


It is, therefore, difficult to see how there can be any 
considerable criticism of the recommendation of the 
Eastern Conference of Motor-Vehicle Administrators 
that, if the two braking-systems are connected in any 
way, they shall be constructed so that failure of any one 
part of the operating mechanism shall not leave the au- 
tomobile without brakes on at least two wheels. Cer- 
tainly, unless the driver’s car virtually falls apart, he 
has a right to expect an auxiliary protective system to 
guard against something which not only he, but the 
motor-car manufacturers themselves, admit is likely to 
happen; that is, failure of the so-called service brake. 

This has been called a qualifying clause in the pro- 
posed brake-law, and statements are made that it is diffi- 
cult of interpretation and that the practical outcome 
might be the requiring of complete separation of the 
two braking-systems, thus substantially reenacting the 
objectionable feature of the existing law. 

I do not think that the complete separation of the two 
braking-systems is particularly objectionable, except 
perhaps to the manufacturer of the motor-car or the 
maker of the brake, whose governing thought is often 
influenced by his desire for simplification and reduction 
of costs; and, if competent engineers assert that such a 
separation will subtract from safety as much as it will 
add, it seems that they are concerned with installing 
brakes on their particular cars only because custom and 
competition decree that an automobile should have a 
brake. 

Motor-vehicle administrators often are inclined to 
think that motor-car manufacturers, in their zeal for 
high preduction at iow cost and their effort to influence 
the motoring public by highly-colored advertising and 
scmetimes pernicious propaganda, lose sight of the fact 
that legislators and administrators may be forced by 
public opinion to enact and enforce even more restrictive 
regulations, if the general public once begins to look 
upon the automobile as an engine of destruction or a 
death-dealing article. 
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It is admitted by the authors of the paper that some 
safeguards are needed against future cheapening of 
brake equipment, with the resulting lowering of safety 
standards; although they feel that perhaps such safe- 
guards are hardly necessary, in view of the self-interest 
of the manufacturer in maintaining public confidence in 
his product. It is far from my thought to deny these 
altruistic intentions on the part of the automobile manu- 
facturers, but is it not a fact that the manufacturers 
are only now beginning to find out a few things about 
brakes largely because of the attitude of the motor- 
vehicle administrators and some of the regulations 
which the latter propose to enact? 


LESSONS FROM NEW TESTING DEVICES 


It has been exceedingly interesting to study the re- 
sults obtained from tests of braking mechanisms made 
by mechanical and other means. Undoubtedly, the fact 
that some engineers refused to believe all that was told 
them about brakes and decided to check up on the vari- 
ous assertions, devising highly accurate methods for do- 
ing so, has brought many manufacturers to a realization 
of their own shortcomings. It is therefore no surprise 
that they seem to view the proposed brake-law as the 
handwriting on the wall. 

This is not to say that encouraging progress has not 
already been made, and it seems that manufacturers and 
administrators should, by conference and agreement, 
suggest new laws that will provide for safety in braking 
mechanisms, so that, on the one hand, simplicity of con- 
struction may not result in inadequacy, and, on the other 
hand, worthy systems may not be refused registration 
because of drastic interpretation of existing laws. 

The proposed brake-law is similar to the recommenda- 
tion made by the National Conference on Street and 
Highway Safety. When the model uniform vehicle-code, 
later to be recommended to the various States for adop- 
tion, was under consideration by that conference, the 
manufacturing interests were strongly represented on 
the subcommittee which studied the question of brake 
provisions; and there is very little difference between 
the regulation proposed by the Eastern Conference of 
Motor-Vehicle Administrators and that proposed by the 
National conference. In fact, the difference practically 
resolves itself into a question of phraseology. 

Is it not to be supposed that the manufacturers and 
engineers then knew what the conditions were; or did 
they feel that these recommendations might not be en- 
acted into law and were merely a few high-sounding 
phrases through which they might obtain the applause 
of the public for their alleged interest in the safety of 
the owners and drivers of their cars? 

It is too likely to be forgotten that it is no longer 
the principal duty of a motor-vehicle administrator to 
license automobiles and their drivers and to collect a 
certain revenue accruing to his State treasury; his 
problem has grown to a point where he is looked to as 
the State’s authority on safety in traffic, and his largest 
problem is the conservation of human life. 

Competition in the automobile industry is severe, and 
it is not to be wondered at that sometimes motor-car 
manufacturers lose a sense of proportion in the empha- 
sis which they place upon certain features of their prod- 
ucts and in the almost total absence of consideration for 
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some other features which, from the point of view of the 
administrator, are highly important. 

The entire burden of the brake safety-problem cannot 
be laid at the door of any one of the three parties most 
concerned in safety; namely, the manufacturer, the ad- 
ministrator and the car user. Everyone has his part to 
play, but the administrator must constitute himself a 
buffer between the automobile manufacturer on the one 
side and the car user on the other side, with an eye 
single to the safety, comfort and convenience of the 
citizens whom he has sworn to serve. It becomes no 
longer a question of cost, but one of performance. 


BRAKE SAFETY AN ENGINEERING PROBLEM 


G. L. SMITH*:—More can be done by the designer of 
the braking system toward assuring safety than by any 
law on brakes. The maximum braking-effect is con- 
trolled by (a) the coefficient of friction between the 
tires and the road and (b) the shifting of the weight 
toward the front during deceleration. To obtain the 
maximum braking-effect, it is necessary to utilize the 
whole weight of the car for deceleration. This has not 
been done in braking systems of current design. For 
full-power brakes, on a car having the weight equaily 
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Fic. 1—RELATIVE DECELERATION WITH VARIOUS METHODS OF 
DISTRIBUTING BRAKE-Rop PULL 


divided between the axles, the maximum deceleration 
that can be expected is 
d= fg (1) 
For braking equally divided between the front and the 
rear axles, the maximum deceleration that can be ex- 
pected is 
d = fg/(2fR + 1) (2) 
For brakes having 40 per cent of the brake-rod pull on 
the front and 60 per cent on the rear axle, the braking 
effect to be expected is 


d= 5fg/2(5fR — 3) (3) 

In these equations, d is the deceleration in feet per 
minute per minute, f is the coefficient of friction, g is 
acceleration due to gravity, and R is the ratio of the 
height of the center of gravity to the wheelbase of the 
vehicle. 

A graphical representation of the increase in braking 
effect that is available through other arrangements, as 
compared with the common division of 40 per cent at 
the front and 60 per cent at the rear axle, is shown in 
Fig. 1, in which the percentages of gain for an equal 
division of pull and for full-powered brakes are plotted 
against the value of the coefficient of friction. The 
values given are the maximum obtainable without lock- 
ing a wheel. 
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Danger from brakes is the result of: (a) unbalanced 
brakes, causing the car to steer off the road; (b) badly 
unbalanced brakes, causing skidding; and (c) one or 
more locked wheels, producing or magnifying (a) and 
(b). With an arrangement making possible full-power 
braking, without locking a wheel, safety would be great- 
ly increased. It is argued that a deceleration greater 
than 16 ft. per sec. per sec. is too annoying to passen- 
gers in a car; but it is better to be annoyed than to be 
smashed up completely. Aviators can accustom them- 
selves to accelerations 21% times as great as that due to 
gravity, which is about three times the maximum theo- 
retical acceleration for an automobile. 


BRAKING EFFORT SHIFTED WITH WEIGHT 


It is not difficult to provide for full-power operation 
of brakes. It involves the use of an inertia weight to 
vary the distribution of pedal effort between front and 
rear brakes in proportion to the shifting of weight from 
the rear axle to the front axle. Such a device is en- 
tirely practicable and is not heavy. It will compensate 
accurately for the shifting of weight due to both decel- 
eration and grade, and will partly compensate for the 
additional weight of passenger load on the rear axle. 

This method of distributing the pedal effort depends 
upon maintaining the same coefficient of friction be- 
tween the brake-linings and drums at the front and 
rear, and also upon preventing any error in equaliza- 
tion that would cause the car to steer off the road or 
to skid. The latter condition is secured by the torque- 
equalized brakes which I have described in previous 
papers’. 

Such a system prevents the brakes from causing any 
tendency to steer off the road, even with vertical steer- 
ing-knuckle pivots. Side-skidding or pivoting is re- 
stricted to a few degrees and is automotically checked 
by the mechanism. Even when alternate wheels slip, 
because of road-surface conditions, unbalanced action 
is reduced below the danger point, and an error in 
brake adjustment sufficient to cause the total loss of 
effectiveness of one non-equalized brake does not reduce 
the effectiveness of torque-equalized brakes. 

The increased complication of four-wheel braking- 
systems is mentioned in the paper. This complication 
can be overcome to a great extent by substituting a 
transmission brake for the rear-wheel brakes, at the 
same time lightening the rear axle. In the past, trans- 
mission brakes have presented several difficult prob- 
lems; such as rapid wear, overheating, and additional 
load on the drive. Nevertheless, they have been used 
with success on some two-wheel-brake cars, and it seems 
that the difficulties would be eliminated if a transmis- 
sion brake were used in combination with front-wheel 
brakes that are worked to the limit of their capacity. 
To obtain the maximum of safety, why not combine the 
foot and hand brakes in a system in which pulling back 
the hand lever one or two notches will have the effect 
of adjusting the foot brakes when the brake-lining has 
worn down enough to allow the pedal to strike the floor- 
boards? This could be accomplished by having the 
hand brake operate upon the adjustment end of the pro- 
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peller-shaft brake-band. It might obviate a bad acci- 
dent in the mountains, and would serve as a warning 
that the brakes need adjustment. 

F. G. WHITTINGTON” :—I believe that we do not want 
equalization of brakes; we want compensation. Inertia 
increases the effectiveness of the brakes of the two 
outside wheels in making a turn, tending to throw the 
car off the road. Equalization of the brakes will not 
change that tendency. With no definite solution in 
mind, I believe that we should have a compensating 
effect to correct it. 

W. R. STRICKLAND’ :—A system for compensating 
the brakes on a turn has been in use, in which the 
tension on the outer front wheel is released. In some 
cases the tension on the inner front wheel is increased, 
but that is not so desirable; it is necessary only to re- 
lease the tension on the outer front wheel to assure 
steering in making a turn, even on a wet pavement. 


THE MANUFACTURER’S INTEREST IN SAFETY 


A MEMBER :—After all, the designer and manufacturer 
of an automobile that is equipped with brakes of a 
certain type is more vitally interested in the safety of 
those brakes than the motor-vehicle administrator pos- 
sibly can be. If we equip a car with a braking system 
that is inherently unsafe, we are the ones who will 
suffer the more. 

The proposal of the conference that is causing com- 
ment is that no part that is common to the two sets of 
brakes should be liable to a failure that will make the 
brakes inoperative. If two entirely separate systems of 
brakes are to be insisted upon for adequate safety, why 
not insist also upon two separate steering-mechanisms? 

Mr. STRICKLAND* ‘Safety is the first consideration. 
Brakes do fail, from sne cause or another. I think the 
most common cause is the gradual wearing of the 
brake-lining. With four-wheel brakes it is necessary 
to use increased leverage for easy operation; and that 
brings us sooner to the point where the pedal can be 
pressed down to the floor-board, limiting the brake 
application. A hand lever connected to the same set of 
brakes will do no good under those conditions. 

Engineers must work for safety and make their 
product as simple as possible, but not merely for the 
sake of low first-cost. A safe and adequate braking 
system is a more important problem than safe steering. 
The steering system may fail, but it is an entirely 
different kind of mechanism and very seldom does fail. 

This is where to apply the advice that we received 
in one of the sessions yesterday, that the engineer 
must sell his designs. In our organization I have sold 
the design for two independent sets of brakes. It was 
a job, but I sold it, and we have the best possible pro- 
tection for the customer. Less opposition and more co- 
operation on the part of engineers will advance our 
cause further. 


BETTER WET-WEATHER BRAKING WANTED 


JOHN YOUNGER”’:—I agree with Mr. Strickland that 
the weakest point in the braking system is the brake- 
lining. After having the brakes in my car relined re- 
cently, I found that they were reasonably satisfactory 
in dry weather but absolutely inoperative during wet 
weather. A well-known, nationally advertised brake- 
lining was used, but it-is worthless in wet weather. If 
possible, it should be more effective then, because driv- 
ing is more hazardous under these conditions; the 
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driver cannot see so well, and pedestrians are crossing 
the streets with umbrellas that interfere with watching 
traffic. Something should be done to produce brake- 
lining that will operate better when wet. 


DISSIPATING HEAT A PROBLEM ON HILLS 


M. C. HoRINE”’:—Probably because the discussion so 
far has been concerned principally with passenger-car 
brakes, the matter of heat has not been mentioned. A 
brake is nothing but a means of transforming kinetic 
energy into heat and dissipating it; and the less kinetic 
energy there is, the less heat is to be dissipated. 

With heavier vehicles at high speed, such as trucks 
and motorcoaches, the heat factor becomes more of a 
problem than with passenger-cars; and the necessity 
for two completely independent systems of brakes is 
far greater, because of the long grades to be descended 
with a heavy vehicle. 

A perfect single braking-system can hold out for only 
a certain length of time before sufficient heat will be 
generated to render the brake ineffective. Applying a 
secondary braking-system to the same drum is not a 
solution, because it is the drum that becomes hot, not 
the asbestos lining. The lining is burned by contact 
with the hot drum. To apply a secondary set of asbes- 
tos surfaces to a drum which is already overheated will 
not avail us very much. For that reason, I believe that 
the motor-vehicle administrators have done the right 
thing in holding out for two independent systems of 
braking, and I believe this segregation should extend 
even to the drums. That, it seems to me, is the only 
objection to Mr. Smith’s suggestion of a hand brake- 
lever operating on a transmission brake that is part 
of the foot-brake system, so as: to-rcerve as a take-up 
for wear and an auxiliary or parkiny, brake at the same 
time. We have got into the habit of considering a 
secondary brake as simply a parking brake, but among 
the hills it is more than a parking brake. 

The effect of equalizers on safety has not been suffi- 
ciently emphasized in this discussion. The modern 
trend is away from equalizers of the whiffletree type, 
because they do not really equalize, and because, in a 
fully equalized four-wheel-brake system such as we have 
seen on some cars, the loss of one little cotter-pin may 
cause complete paralysis of the braking system. Mr. 
Smith’s system of torque equalization is far more 
scientific. 

PROFESSOR LOCKWOOD SUMS UP 


E. H. Lockwoop:—Ways to promote safety of brake 
equipment, either by legislation or by improved mech- 
anisms, are appropriate to this discussion. Mr. Smith 
has pointed out the value of equalization of braking on 
opposite sides of the car as a means for reducing skid- 
ding, and of distribution of front and rear braking 
force in proportion to car deceleration as a means of 
getting the highest possible brake effectiveness at all 
times. It is of great interest that mechanisms have 
now been developed by which these desirable features 
ean be applied automatically. 

These suggested improvements in the braking mech- 
anism are indications that the equipment is not yet 
perfect. Doubtless it is true that many four-wheel 
brakes have been used while in poor adjustment, giving 
a bad impression of the system as a whole. This feel- 
ing is perhaps over-emphasized by Registrar Eynon in 
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saying that “Everyone realizes that there are condi- 
tions under which four-wheel brakes, if not properly 
adjusted, are practically as dangerous as having no 
brakes at all.” Such troubles may be regarded as un- 
avoidable incidents in introducing a new system whose 
possibilities have been recognized but whose details 
have not been perfected by all manufacturers. 

Mr. Hayes has referred to the value of modern brake- 
testing apparatus, now available in many cities, for 
giving accurate readings of the braking force delivered 
at each wheel. With.such devices at hand, there will be 
little excuse for poorly adjusted four-wheel brakes. Mr. 
Strickland and Mr. Younger have referred to the grad- 
ual loss of effectiveness by wear of brake-linings, and 
to the sudden loss of effectiveness when brakes are wet. 
Both of these troubles may be called strictly engineer- 
ing problems, whose solution can be made by the 
manufacturer as soon as their importance has been 
realized. Such complaints will be more rare as time 
goes on, not that brake-linings will cease to wear, but 
that the applying mechanism will remain operative in 
spite of wear or the effect of water. 


How Best To ASSURE SAFETY 


The various motor-vehicle administrators have made 
valuable contributions to this discussion by voicing 
their opinions. Mr. Eynon states very tersely and truly 
the object of any motor-vehicle brake law “to secure 
upon the highways vehicles which have safe brakes.” 
There will be agreement on the definition but not on 
how best to secure the vehicles with safe brakes. In 
our opinion, there are two chief factors in securing 
vehicles with safe brakes: 

First, to leave the design and construction of brakes 
to the manufacturer, with no legislative restriction as 
to details. This may seem like letting down the bars, 
but it is simply treating brakes like other parts of the 
vehicle. It is furthermore a recognition that motor- 
vehicle manufacture is a changing and developing art 
in which traditions of the past should not hamper the 
present. It probably is true that better results will be 
obtained by putting the responsibility of brake safety 
squarely up to the manufacturer, unhampered by en- 
actments made years in advance by legislators. 

Second, the motor-vehicle administrators should pro- 
mulgate rules by which all car users will be compelled 
to keep their brake equipment in good order. How 
these rules are to be formulated and enforced is a prob- 
lem which the motor-vehicle departments are well quali- 
fied to solve. It probably could be worked out in such 
a way as not to make too much work for the depart- 
ments and not to be too costly and troublesome for the 
car user. It seems reasonable for all applicants for 
registration to file a certificate showing that the vehicle 
in question had had its brakes examined within the 
previous 6 months. 

Questions such as those brought out by this discus- 
sion might well be considered by the proposed confer- 
ence of motor-vehicle administrators and manufac- 
turers, with promise of practical progress toward a 
solution of the problems of safety in braking systems. 
It is to be hoped that steps for such a conference will 
be taken; and it seems logical for the motor-vehicle 
administrators, as guardians of the interests of the 
public, to initiate the conference, to which the manu- 


facturers undoubtedly would give their cordial cooper- 
ation. 


























































Supercharged-Engine Performance 


Discussion of Opie Chenoweth’s Aeronautic Meeting Paper’ 


A METHOD of predicting the power output of a 
given aircraft engine equipped with a direct 
gear-driven centrifugal supercharger is outlined. The 
calculations are based on the fundamental assump- 
tions common to internal-combustion engineering. 

Three superchargers of different ratings are con- 
sidered for the purpose of selecting the one giving the 
best all-round performance. Considerations of weight, 
compactness, mechanical reliability, simplicity and 
general arrangement enter into the selection of the 
best all-round rating. 


The effect of superchargers of various ratings on 


CHAIRMAN H. M. CRANE*:—Will Mr. Chenoweth show 
by diagrams the general shape of curves obtained with 
the Roots-type supercharger and also with the gear- 
driven turbo type, for purposes of comparison? 

OPIE CHENOWETH:—The Roots-type supercharger 
curve probably would be similar to that indicated in 
Fig. 1; that is, the output of the engine at ground level 
with the supercharger would be but slightly less than 
the unsupercharged-engine power. The reasons for this 
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Fic. 1—CURVES OF THE RooTs-TYPE AND THE GEAR- 
DRIVEN CENTRIFUGAL SUPERCHARGER COMPARED 


improvement in power over that of the geared cen- 
trifugal supercharger are (a), that the method of con- 
trolling the supercharger is to bypass the excess air 
and therefore the energy diverted from the crankshaft 
for driving the supercharger is only that required for 
compressing the air from the pressure existing at the 
given altitude to a final pressure of 29.92 in. of mer- 
cury; and that (b), because of (a), the temperature 
rise at the ground is very small and this results in high 
output. 


! Published in the November, 1927, issue of THE JOURNAL, p. 508. 
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engine power-output, as well as the effect of various 
factors on engine performance, is shown by curves. 

Tests of a supercharged Curtiss D-12 engine were 
conducted in the altitude chamber of the Bureau of 
Standards and the results were compared with the 
calculated results obtained by the methed outlined. 

Conclusions reached are that, for all-round per- 
formance to a definite altitude, an intermediate super- 
charger-rating should be selected, and that the per- 
formance of engines equipped with direct-driven cen- 
trifugal superchargers can be predicted with a fair 
degree of accuracy by the methods outlined. 


At the critical altitude the output of the two types 
of supercharger would be approximately the same. Be- 
yond the critical altitude the output would be highest 
for the supercharger having the highest efficiency. It 
is impossible to state which supercharger has the 
highest efficiency beyond the critical altitude because an 
engine has not been tested in the altitude chamber with 
a Roots-type compressor. Many design features in- 
fiuence these results but, in general, it is believed that 
they would hold true for well-built compressors having 
the same altitude-rating. 


COMPARISON OF CHARACTERISTICS 


E. T. JONES’:—This is one of the cases in which we 
made the calculations first and let the Bureau of Stand- 
ards test the engine in the altitude chamber to check 
the accuracy of the computations. On the whole, the 
check is remarkably close. I am somewhat disappointed 
to find that the powers developed by the engine in the 
altitude chamber, especially at the peak, fell somewhat 
below the calculated values, but those tests have not 
gone far enough yet so that it is possible to determine 
from the data exactly the reason for the discrepancy 
between the test values and the calculated values. 
When the tests are complete, I think it will be possible 
to check over the calculations in the light of the tests, 
find out where this discrepancy arises, and bring the 
method of calculation uptodate so that a much more 
accurate prediction can be made by this method for any 
particular case that one may care to investigate. 

A comparison between the type of curve that would 
develop by the use of the Roots-type supercharger and 
the turbo supercharger, made by superimposing the 
three curves, would depend, primarily, on the assump- 
tions made as regards the compressor efficiency of the 
different types of supercharger used. I feel that we 
are not on as safe ground in talking about the efficiency 
ef the other two types as we are about the type known 
as the gear-driven centrifugal, for several reasons. The 
gear-driven-centrifugal apparatus is very neat, and the 
testing of it is very simple. In respect to efficiency, it 
lines up almost exactly with the General Electric Co. 
standard line of centrifugal compressors; so really a 
great deal is known about the efficiency of these jobs, 
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and I think we are not likely to deceive ourselves. I 
think we have not deceived ourselves in assuming that 
70 per cent adiabatic efficiency is easily obtainable. 

In regard to the Roots-type supercharger, I feel that 
not so much is known about them, the difficulty being 
largely that the efficiency of the Roots compressor is 
very rapidly affected by the operating clearance of the 
rotors, which is from 0.003 to 0.006 in. around the large 
perimeter of the rotors. It is not easy to determine 
that accurately and, having determined it accurately in 
a static condition, it is perhaps not certain that under 
running conditions those clearances are maintained. 
Further, in the actual operation of Roots-type super- 
chargers to date, it has been necessary to increase those 
clearances rather drastically and this means that the 
work which has been done by the National Advisory 
Committee for Aeronautics on the efficiency of the 
supercharger of that type with small clearance cannot 
be used directly in arriving at a conclusion as to what 
they are actually doing in service conditions, because 
the clearances have been changed. 

With regard to the turbo supercharger, the determin- 
ing of the efficiency of that type of apparatus is much 
more complicated, because we must consider the effi- 
ciency of the turbine and the compressor together. Of 
course, the two efficiencies are multiplied together and, 
when we begin to multiply efficiencies of that type, 
small errors multiply rapidly; but we have given much 
thought to what that curve would be for the two types, 
and I would be willing to try to reproduce it. 

In general, with the Roots-type supercharger, the 
efficiency will be lower than with the gear-driven cen- 
trifugal at rated altitude. This means that the power 
lost to the supercharger will be high and the tempera- 
ture rise of the air will be increased. On the other 
hand, the power input to the supercharger near the 
ground will be considerably lower. In fact, at sea level, 
it is practically negligible; so, with that in mind, we 
recall the various correction curves. With the Roots- 
type supercharger, I believe we would start with 100 
per cent power and would come up approximately to the 
same peak as that of the centrifugal type, possibly a 
slightly lower peak due to the lower efficiency. Above 
that point, I believe the Roots-type machine would show 
a more rapid falling off in power. In other words. with 
the Roots type, I believe we get slightly more power 
near the ground and slightly less power at altitude. 

With the turbine job, there should be no change in 
the engine power at any altitude up to the rating of 
the supercharger except that due to the increase in 
temperature of the air; that is, the turbine jobs are 
normally operated with sea-level pressure in the exhaust 
manifold and sea-level pressure in the intake manifold. 
One does not merely decide to operate that way; the 
design must be good enough to enable one to operate 
that way. Such designs have been developed; in fact, 
I saw some tests recently indicating that the compressor 
could maintain a higher pressure at the carbureter than 
was maintained in the exhaust manifold. With that, 
we get a slight gain due to the fact that the induction 
pressure is higher than the exhaust pressure. Except 
for the drop due to temperature rise, in my opinion the 
turbo-supercharger power would be independent of alti- 
tude. We would simply have a horizontal line up to the 
rating; from there on the turbo jobs have shown the 
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ability to be considerably overspeeded, which is im- 
possible with the gear-driven job; hence, the fall-off is 
less due to the ability to overspeed. I hesitate to try 
to predict the particular shape of that curve. 

CHAIRMAN CRANE:—I am glad that Mr. Jones spoke 
at length on this question, because it seems to me to be 
of considerable interest if we are to look toward a com- 
mercial use of supercharging. Its military use is essen- 
tial, beyond doubt; but, commercially, it is obvious that 
the advantages will be considerably less. It will not be 
necessary to work over any such wide range of altitudes 
for any given machine. It may be possible to operate 
a transcontinental line so that certain planes stay be- 
tween the 5000 and the 10,000-ft. level on their part of 
the trip and others below the 5000-ft. level on their part. 
In locomotive service, the final result has been a highly 
specialized fitting of each locomotive to its particular 
work on the particular division of the railroad on which 
it operates. The standardization is practically nil. 
Occasionally an attempt is made to standardize boilers 
and other parts, but it is impossible to standardize the 
relations of wheel diameters and number of wheels to 
cylinder diameters. 

The automotive indpstry has been under considerable 
pressure in the last few years to explain why it does not 
use supercharging on cars that run mostly at sea level. 
It seems to me that, if supercharging is possibly useful 
in a motor-car, it must be useful to a much greater ex- 
tent in an airplane. Two types of supercharger have 
been mentioned here. One can be said to be of two 
different types: the centrifugal type driven direct from 
the engine, and the type driven by a centrifugal motor 
run by exhaust pressure. 


CENTRIFUGAL-TYPE SUPERCHARGER 


Dr. SANFORD A. Moss*:—This paper presents in an 
admirable way the details of computation of the effect 
of supercharging at altitude. However, in going over 
these details, the fact must not be lost sight of that the 
over-all effect of the use of a centrifugal supercharger 
is to give a very appreciable gain in the performance 
of engine and airplane at altitude with very little addi- 
tional complication. This fundamental fact and many 
of the details which are presented are now generally ad- 
mitted; but this has not always been true, and the 
General Electric Co. research laboratory has had an 
appreciable task in bringing the centrifugal super- 
charger to the position which it now occupies. 

In the early days it was considered ridiculous to sup- 
pose that a mere pinwheel, rotating in a casing, could 
have any appreciable influence on engine performance. 
Only a few weeks ago I was seriously assured by an 
aviation engineer that, even though a centrifugal super- 
charger maintained a given pressure in the intake mani- 
fold of an engine, it was not positive, and that a posi- 
tive-displacement machine, maintaining exactly the 
same pressure in the intake manifold, would be much 
more effective in forcing air into the engine. Of course, 
the fact is that a given manifold pressure will result 
in a given amount of supercharging, regardless of how 
the pressure is produced, and Mr. Chenoweth accents 
this without question. 

Another fallacy which has been prevalent is that the 
impeller or “fan” of a centrifugal supercharger “fans” 
the air and produces a serious temperature rise, so that, 
even though a centrifugal: machine had the same effi- 
ciency as a positive-displacement machine, the tempera- 
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ture rise would be much greater. Of course Mr. Cheno- 
weth accepts without question the thermodynamic 
necessity that temperature rise depends only upon effi- 
ciency. 

The figure of 70 per cent which is used in the paper 
for the efficiency of a centrifugal supercharger is a 
good average for a machine under actual conditions of 
operation on an airplane engine, if properly designed 
for these conditions. The various blade-shapes and 
angles and widths, the diffuser proportions and all: the 
details must be carefully arranged. If this is not done, 
the efficiency may have any lower value whatever. 
Illicit comparisons have been made between a poorly 
designed fan and a so-called positive-displacement ma- 
chine operated at such a low pressure and speed that 
the efficiency was much higher than would occur in 
actual operation on an airplane. 

The data in the paper are perfectly sound on all of 
these matters. The foregoing considerations are men- 
tioned only because the word “positive” has been sup- 
posed by people who really should know better to have 
some magical effect in getting air into an engine cylin- 
der which could not be accomplished by a centrifugal 
supercharger with the same pressure and even better 
efficiency and, hence, lower temperature-rise. 

In making the comparisons about a Roots-type super- 
charger at sea level, it has been stated by Messrs. 
Chenoweth and Jones that they thought the power 
would be virtually zero at sea level. I do not agree with 
that opinion because a positive-displacement Roots-type 
supercharger has a considerable task in forcing the air 
in and out of the lobes and through the openings at the 
high speed used in an airplane installation, so that a 
Roots-type supercharger, even though it gave no pres- 
sure near sea level, still would consume a considerable 
amount of power. No data about this have been pub- 
lished; so one guess is as good as another as to whether 
that power is appreciable or not. 

The curves in the paper can be roughly summarized 
by the statement that, at altitudes of from 12,000 to 
16,000 ft., the use of a centrifugal supercharger with- 
out an air-cooler practically doubles the power of an 
airplane engine. This is an important gain, which 
justifies the use of such a supercharger in most avia- 
tion engines. Of course, the work on engine power is 
an important part of the paper; but it is not all of the 
matter. As mentioned, the effect of the supercharger 
on the over-all performance of the plane, with its engine 
and propeller, must be taken into account. This is 
equally as great as the effect on the engine performance 
shown by the curves, and remarkable increases in speed 
at level flight and in rate of climb have been obtained 
on planes with supercharged engines. 

The paper mentions only the use of a geared super- 
charger on a water-cooled engine having cylinders in- 
line. However, remarkable airplane performances have 
been obtained by the use of geared superchargers on 
radial engines. Originally, a centrifugal supercharger 
on a radial engine was used primarily for overcoming 
carbureter drop and for vaporization. But tests have 
been made on a number of types of radial engine 
equipped with centrifugal superchargers at increased 
speeds so as to give the supercharging discussed in the 
paper. These tests bear out Mr. Chenoweth’s curves. 
Proper selection of propellers is an important item in 
this matter. 

Mention is made of the difficulty with the super- 


August, 


Ss. A. E. JOURNAL 





1928 No. 


bo 


charger drive in the case of engines having cylinders 
in-line. No such difficulty has been encountered in the 
use of superchargers on radial engines, while all the 
advantages mentioned by Mr. Chenoweth have been se- 
cured. Therefore, all the leading manufacturers of 
radial air-cooled engines now incorporate a centrifugal 
supercharger as an integral part of the engine. The 
supercharger is built-in instead of being attached as 
an independent accessory. 

Mr. Chenoweth mentions the advantage of the cen- 
trifugal supercharger in the vaporization of the mix- 
ture. The great gain in this respect requires a little 
more than the mention which Mr. Chenoweth gives, 
however. There is an appreciable improvement in start- 
ing characteristics, uniformity of firing, uniformity of 
distribution, and similar matters when gasoline is 
passed through a centrifugal supercharger by use of a 
carbureter located at the supercharger inlet. It is men- 
tioned that a carbureter drop of about 1.5 to 2.0 in. of 
mercury is common. However, it is believed that the 
vaporization secured in the centrifugal supercharger 
will allow the use of lower carbureter velocity and so 
diminish this drop. 


SCAVENGING OBTAINABLE 


Another item of advantage which Mr. Chenoweth does 
not mention is that, with proper valve-timing, an ap- 
preciable amount of scavenging can be obtained; that 
is, a large portion of the products of combustion occu- 
pying the clearance space can be driven out and the 
clearance space itself filled with fresh charge, due to 
the difference between the supercharger pressure and 
the exhaust pressure, if the exhaust and the inlet 
valves are opened at the proper times. Computations 
of this effect have been made by others on the assump- 
tion that the entire clearance space is exactly filled with 
fresh charge, instead of with products of combustion 
as in the unsupercharged engine. This of course gives 
amounts of power somewhat higher than Mr. Cheno- 
weth’s values. 

It is to be noted on the curves in the paper that the 
amounts of power of the supercharged engine at sea 
lever are somewhat higher in the actual tests than in 
the computed values and also that at sea level the de- 
crease of speed of the supercharged plane compared 
with an unsupercharged plane is really comparatively 
slight in the actual planes. Some of this decrease is 
probably due to the effect of scavenging a clearance 
volume which was not taken account of in the paper. 

Mr. Chenoweth’s computation methods, so far as the 
centrifugal compressor is concerned, are in conformity 
with many vears of experience of our research labora- 
tory in such matters. His engine data are based on 
many McCook Field and Bureau of Standards tests; 
hence his computations of over-all performance should 
agree, as they do, with tests on the complete apparatus. 

A minor matter in the paper seems to require further 
explanation. He mentions that the latent heat of the 
vaporization of the gasoline reduces the temperature so 
that an air-cooler of increased size is necessary. It is 
to be noted, however, that this reduction of temperature 
in itself takes the place of a certain amount of air- 
cooled surface. The centrifugal supercharger vapor- 
izes practically all the gasoline before the cylinder is 
reached, with the resulting temperature-drop and in- 
crease of weight of charge in a given volume. With 
the unsupercharged engine there is probably some un- 
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evaporated gasoline at the beginning of the compres- 
gion stroke. S. W. Sparrow, when at the Bureau of 
Standards, computed that the vaporization of gasoline 
gives a 36-deg. fahr. temperature-decrease. 


RELATION TO ENGINE POWER 


It is to be noted that a geared centrifugal super- 
charger operates at full speed all the time, even at low 
altitudes when very little of the supercharging effect is 
needed. The test data show that the loss of engine 
power, due to this, is comparatively small. Flight tests 
of airplanes, with engines arranged for supercharging 
to considerable altitudes, show very slight loss of speed 
at sea level compared with unsupercharged planes. A 
large part of this slight loss is to be ascribed to the 
fact that a supercharged plane requires a somewhat 
larger propeller than an unsupercharged one, so that 
the engine speed is decreased somewhat. 

Proposals have been made to use clutches or bypass 
valves to unload a centrifugal supercharger, but the 
loss is so slight that the complication has never been 
warranted. Of course, the supercharger easily increases 
the engine power by the amount necessary to balance 
this loss. The unused supercharging effect at small 
altitudes also gives a reserve whereby the engine can 
be made to give more than norma! sea-level power as an 
emergency matter for short intervals. This, of course, 
requires an engine that can withstand such emergency 
increase of power without risk. 

The paper shows that a supercharger gives some- 
what greater increase of power than that which corre- 
sponds to the increase in actual weight of charge, be- 
cause the effect of temperature rise in decreasing 
weight of charge is partly balanced by some gain due 
to increased temperature. As a result, the power varies 
inversely with the square root of the absolute tempera- 
ture, instead of with the first power, as would occur if 
the effect of temperature on weight of charge were the 
only one. 

It is to be noted that Mr. Chenoweth’s paper covers 
only supercharging for comparatively small altitudes. 
For altitudes of 20,000 to 30,000 ft., the exhaust-driven 
supercharger is now in general use and is giving good 
satisfaction. 


SUPERCHARGING AT SEA LEVEL 


An important item relating to the subject of the 
paper is the supercharging of aviation engines at sea 
level. The centrifugal gear-driven supercharger, as Mr. 
Chenoweth has mentioned, if opened up near sea level 
so as to give a pressure in the intake manifold greater 
than standard sea-level pressure, will give a greatly in- 
creased amount of power. The engine of course must 
be arranged to withstand this increase in power. Ar- 
rangements for accomplishing this are now in progress 
and will no doubt be used commercially in the near 
future. When such an engine is available, centrifugal 
superchargers will be installed with somewhat higher 
gear-ratios than are now contemplated. For flying near 
sea level the supercharger will be partly opened up so 
as to give whatever increased pressure in the intake 
manifold the engine can safely take care of. As the 
plane climbs to higher altitudes the engine power will 
be maintained at the safe value at sea level by succes- 
Sively opening up the supercharger. Such an arrange- 
ment will give all the advantages outlined by Mr. 
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Chenoweth, with still further increase of power at all 
altitudes, including sea level. 

Passenger automobiles in research laboratories, and 
racing automobiles in all current races, have had re- 
markable increases vf power due to supercharging at 
sea level, and the same effect is available with the 
aviation engine. I venture to predict that increased 
power at sea level, as well as at altitude, in addition to 
the effect which Mr. Chenoweth discusses, will be se- 
cured in all aviation engines in the near future by the 
use of a built-in centrifugal supercharger. 


RELIABILITY CONSIDERED 


CHAIRMAN CRANE:—lIn my occasional contact with 
aviation I have been impressed with the extreme con- 
fidence shown by aviation engineers in computation. I 
do not blame’the early airplane designer for doing all 
the computing he could, because it was much safer to 
prove by computation that a plane would not fly than to 
make a flight test. But, for certain types of work, com- 
putation has serious weaknesses due to the fact that it 
is impossible to predict the stresses produced in a 
mechanism which is operating at high speed. Com- 
putation is a type of test made with pencil and paper, 
and accurate calculations can be very useful and very 
effective. A second type of test somewhat similar is a 
laboratory substitute for an engine test or a flight test, 
such as the altitude-chamber test made at the Bureau 
of Standards. Those, two types are successful insofar 
as the man using that form of computation or test is 
able to imagine with certainty every factor contributing 
tc the actual performance and service, so that each is 
present in the computation or in the laboratory test. 
Apparently this particular case was a very good ex- 
ample of how completely all the various items were fore- 
seen in making the original computations. 

Reliability in commercial service is bound to be a 
very important matter. The high speed of the cen- 
trifugal type of supercharger makes its reliability very 
difficult to obtain. I have been informed, by people who 
ought to know, that racing cars developed to operate in 
& winning way on one type of track, such as that at 
Indianapolis, which is a slow-speed track, can be taken 
to a saucer-shaped board track on which they are capa- 
ble of higher speed and the engine promptly wrecked 
by operating them at an average speed of only 2 or 3 
m.p.h. more, the supercharger being developed so close 
to the limit which they are able to withstand that a 
very small percentage of increase in speed will wreck 
them. 

A supercharger placed between the carbureter and 
the engine is a very important part of the carbureter, 
regardless of whether it does any supercharging. The 
early radial air-cooled engines in this Country had 
paddles between the carbureter and the engine, but they 
were no more than sufficient to prevent a drop in pres- 
sure; they practically maintained sea-level pressure at 
the inlet ports at sea level. Even to this extent they 
were highly important and successful parts of the en- 
gine. 

I am thoroughly satisfied that an important reason 
for the success of radial air-cooled engines today is the 
uniform distribution obtained among the different cyl- 
inders. Until that was obtained it was hopeless to 
expect to run a radial air-cooled engine at really low 
gasoline-economy. There would always be one or two 
cylinders which would overheat. It will be extremely 
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interesting to see how the supercharger works into the 
commercial field. 


TESTS UNDER SUPERCHARGING CONDITIONS 


H. K. CUMMINGS’ :—In addition to straight computa- 
tion on the possibilities of supercharging at different 
altitudes, the Bureau of Standards has done something 
the results of which the National Advisory Committee 
for Aeronautics will publish soon; namely, it has made 
a determination of ideal supercharging by making tests 
of this same engine and also of the Liberty engine in 
the altitude chamber without an actual supercharger 
but under supercharging conditions. Instead of re- 
ducing the pressure at the intake of the carbureter to 
correspond with each altitude, the air was introduced at 
atmospheric pressure, thereby giving complete super- 
charging at all the altitudes of the test. 

The improvement which we found in that way was 
somewhat less than might be anticipated from the com- 
puted results. Mr. Chenoweth finds about 1.9 per cent 
increase in brake horsepower per 1000 ft. up to the 
rated altitude, and the Bureau of Standards data give 
about 1.0 per cent increase per 1000 ft. up to 10,000 ft. 
above sea level. 

The Bureau of Standards data presented in Fig. 11 
of the paper were preliminary figures with the gallery 
manifolds mentioned. These manifolds gave very poor 
distribution, but a material increase in performance 
was obtained with the same supercharger and the 
Curtiss manifolds which were subsequently tried. With 
both sets of manifolds the tests were carried to a 25,000- 
ft. altitude, and there is a difference of the order of 15 
hp. at the rated altitude between those two manifolds. 
This also results in making the curve come slightly 
above the computed curve at altitudes above the rated 
altitude, which perhaps is sufficiently accounted for by 
the fact that the initial point of the experimental curve 
is above that of the computed curve. 


SUPERCHARGER SPEED 
Dr. Moss:—The reliability of superchargers of the 
centrifugal type at very high speed depends upon 
whether they are designed for the high speeds. Re- 
ciprocating steam-engines had speeds of 120 r.p.m. for 
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many years and many a flywheel burst at this speed, 
An impeller for 20,000, 30,000 or even 80,000 r.p.m, 
can be operated safely if it is designed by people who 
understand designing. Our company has in operation 
in various superchargers many high-speed impellers, all 
of which have been designed to suit the speed at which 
they are operating, and failures are negligible. The 
company also has a number of racing-car superchargers 
in operation and there have been no failures. 

CHAIRMAN CRANE:—Mr. Moss’s comments on speeds 
remind me of the fact that usually, when a forced land- 
ing is made by airplane, it is said to be caused by engine 
failure. The engine may have stopped because there 
was no gasoline in the carbureter, or for various other 
reasons, but still it is due to engine failure. It is a 
responsibility that I feel is a very heavy one to attempt 
to drive even a very light flywheel which obviously at- 
tempts to maintain a highly uniform speed from a 
Obviously, there 
again radial air-cooled engines or radial engines of any 
kind have, due to the short, stubby single-throw crank- 
shaft, a decided advantage over the longer V-type en- 
gine of the 8 and 12-cylinder variety. 

O. A. Ross*:—No curves showing the air-current 
turbulence and friction factors of the carbureter, super- 
charger and manifolds, are observed in the paper. It 
is suggested that the failure of the actual performance 
to live up to the computed performance may be due to 
an acute angular displacement of the curve represent- 
ing these factors, this angular displacement occurring 
at an altitude prior to that computed for the maximum 
ceiling. 

Mr. CHENOWETH :—In reply to Mr. Ross, the car- 
bureter loss shown by the tables accounts for the air- 
current friction factor in the carbureter. The fric- 
tional loss in the supercharger is cared for by the 
efficiency figures, and the supercharger is manipulated 
so that the pressure loss through the manifold is bal- 
anced, since a pressure of 29.92 in. of mercury is main- 
tained to the critical altitude of the supercharger. The 
improvement in performance reported by Mr. Cum- 
mings when the standard Curtiss manifolds were used 
in place of the gallery manifolds reduces the differences 
between the calculated and the experimental results. 
This is accounted for by the better distribution of the 
fuel-air mixture to the various cylinders. 


The Vacation for All 


Vacation this year will start Saturday afternoon, Aug. 
11, and will end Monday morning, Aug. 27. Everyone who 
has been in the service of the company for 1 year or longer 
will receive full pay during vacation, one-half to be re- 
ceived before leaving and the remainder upon return. Those 
who have worked at the shop for more than 3 months will 
receive 1 day’s pay for each month over 3 months’ service. 

This will be the fourth year for our 2-weeks vacation 
with pay for the whrie plant. 


The present vacation plan seems to be well worthwhile. 
We can recall when the executives and office people had 
their vacations spread over the entire summer and those in 
the mechanical departments had no vacation at all; how we 
were semi-disorganized throughout the entire summer. This 
has all been eliminated. Besides, everybody gets a 2-weeks 
rest or change which enables all to come back on the job 
with renewed zeal and vigor.—From Kalends, house organ 
of the Williams & Wilkins Co. 


The Angular Distortion of Crankshafts 


: the paper on The Angular Distortion of Crankshafts, 
by C. A. Norman and K. W. Stinson, printed in THE 
JOURNAL for July, beginning on p. 83, an error was made in 
reproducing one of the diagrams. 


In Fig. 5, the horizontal scale for the root deflection in 


crank arms is the reciprocal of the cube of the diameter 
of the adjoining journal, not the diameter of the adjoining 


bearing. 


With this correction, the illustration agrees with formula 


(3) of the paper. 
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The Development of Aluminum 
for Automotive Purposes 


By R.S. 


CHICAGO SECTION PAPER 


4d Ypanee rapid progress of the present age in technical 
matters is highly gratifying, the author says,. but 
most of us find it something of a problem to keep up 
with this progress. The automotive industry draws 
from many highly specialized arts and sciences and 
there are perhaps few individuals who have time to 
keep up with the details of progress in all these fields. 
The last decade has been one of intensive research 


LUMINUM was first produced in 1825 by a Danish 
chemist, Oersted. A method for producing it in 
appreciable quantities by the reduction of alumi- 

num chloride with sodium was worked out by a French 
chemist, Deville, about 1855. From then until about 
1885 the metal was produced commercially in small 
quantities and found some use, largely for ornamental 
purposes. The cost of production was high, however, 
and the price of the metal toward the close of this pe- 
riod was about $10 per lb. The modern aluminum in- 
dustry began with the work of Charles M. Hall, a stu- 
dent at Oberlin College, Ohio, between 1885 and 1890. 
This work resulted in the present process for making 
aluminum, known as the Hall or the Hall-Heroult proc- 
ess, which made possible the subsequent decrease in its 
cost. 

Aluminum is the most abundant of the metals, con- 
stituting about 7 per cent of the earth’s crust. It is 
sometimes stated that every clay bank is a potential 
source of aluminum. This may become true eventually ; 
but at present the principal commercial source of alumi- 
num is bauxite, which is hydrated aluminum-oxide 
containing oxides of silicon, iron and titanium as the 
chief impurities. Before any steps are taken to produce 
metallic aluminum, it is necessary to separate the alumi- 
num oxide from these impurities. The most common 
method of accomplishing this consists in treating the 
ore with a solution of caustic soda, which dissolves the 
aluminum oxide together with some of the impurities. 
After further operations, a precipitate of pure alumi- 
num-hydroxide is obtained which is calcined to produce 
anhydrous aluminum-oxide. 

Metallic aluminum is produced by the electrolysis of 
aluminum oxide dissolved in a bath of fused cryolite, 
that sodium aluminum fluoride. The reaction is 
effected in a reduction pot consisting of a steel shell 
having a carbon lining which acts as the cathode. Car- 
bon anodes are used and the aluminum is deposited in 
a molten condition in the bottom of the pot, from which 
itis tapped at suitable intervals. The production of 
aluminum thus requires purified aluminum-oxide, cryo- 
lite, carbon anodes which are consumed at the rate of 
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1Research Bureau, Aluminum Co. of America, Cleveland. 
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and development in the aluminum industry. The close 
relation between this industry and the automotive 
industry is indicated by the fact that the automotive 
industry has at times consumed as much as half of 
the entire aluminum production. It is natural, there- 
fore, that much of the work on aluminum has been 
done to provide improved products for the automo- 
tive industry and some of them are described. 


roughly 1 lb. per pound of aluminum produced, and elec- 
tric power which may amount to about 12 kw-hr. per 
lb. of aluminum. An idea of the importance of electric 
power in the production of aluminum can be gained 
from the fact that, at the new aluminum works at Ar- 
vida, Que., Canada, an ultimate development of about 
1,000,000 hp. is contemplated. 

The metal produced as described is the “pure alumi- 
num” of commerce. It contains small amounts of iron, 
silicon, copper and titanium as impurities. Until re- 
cently there was no way of purifying the metal further, 
but an electrolytic refining process has been developed, 
largely as the result of efforts of the late William 
Hoopes, by which metal of very high purity can be ob- 
tained. The operation is carried out in a three-layer 
cell with a molten aluminum-alloy of high specific- 
gravity at the bottom of an anode and the pure alumi- 
num floating on an intermediate layer of fused fluorides. 
Metal up to 99.98-per cent purity has been produced 
and has some interesting properties, including high re- 
sistance to tarnishing and corrosion. This metal is 
very soft, having a Brinell hardness of 15 as compared 
with 25 for commercial aluminum of about 99.2-per 
cent purity. 

Commercially pure aluminum is used in large quan- 
tities for certain purposes, including electrical con- 
ductor cable, sheet, foil, aluminum-bronze powder, and 
molding. For structural purposes, however, greater 
hardness and strength are required and are obtained 
by the use of alloys and by heat-treating processes. The 
important influence of the automotive industry on the 
heat-treatment of steel is well known. The heat-treat- 
ing of aluminum is a comparatively new art, and the 
products made available by this art are just beginning 
to come into extensive use. After a review of some of 
the older aluminum-alloys, these modern products will 
be described. 

A distinction can be made between alloys intended 
for castings and those intended for wrought products. 
it is well known that mechanical working breaks up the 
structure of cast alloys and helps to perfect the con- 
tinuity of the plastic constituent, thus improving the 
toughness and ductility of the product. There is also 
a tendency for the various constituents of the alloy, as 
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well as any defects which may be present, to be drawn 
out in the direction of working, thus producing what is 
known as grain or fiber. It is recognized that the alloy 
compositions which are most suitable for castings are 
not in general the most suitable for wrought products. 

Aluminum castings can be made by the sand, the per- 
manent-mold, or the die-casting processes. The sand- 
casting process is the most flexible, permitting castings 
to be made of largest size and most intricate shape, 
although thinner sections can be made by the die-cast- 
ing process. Casting in metal molds offers the metal- 
lurgical advantage of chilling the metal, which produces 
finer structure, greater density and improved physical 
properties in general. The choice of alloy compositions, 
however, is somewhat limited by the nature of these 
processes, and many compositions which can be handled 
successfully in the sand foundry are unsuitable for 
permanent-mold or die casting. 

There is almost no end to the alloy compositions that 
have been proposed for aluminum products, both cast 
and wrought. Only a relatively small number of these, 
however, stand out as having sufficient value for general 
commercial use. The compositions and physical prop- 
erties of the most important of them are given in Tables 
1, 2, 3 and 4, and several of these alloys will be discussed 
in some detail. There are also several alloy composi- 
tions that are very useful for certain special purposes, 
but the limited use of which forbids discussion in the 
space available. 


ALUMINUM CASTING-ALLOYS 
Aluminum-Copper Alloy Containing 8 Per Cent of 
Copper.—In the United States it has been common 
practice for more than 10 years to employ alloys con- 


TABLE 1—ALUMINUM SAND-CASTING ALLOYS. PROPERTIES OB- 








TAINED FROM INDIVIDUALLY CAST UNMACHINED SAND-CAST 
TEST-SPECIMENS 
S sc. a Z 
oe; Za ee 
ra} ay na ~ tm 
> WED Pcs fis 
2. oN & 23 =< 
<Z, TA! BS” > oes x 
100 Aluminum 99.0 12.000to 14,000 15 to 25 4.000 25 
12 Copper 8.0 18.000 to 23,000 1 to 3 10,000 65 
{ Copper 7.5 
112 + Zine 1.5 + 19,000 to 24,000, 1to2.5 11,000 65 
| Iron 1.2 (Minimum 60) 
109 Copper 12.0 20,000 to 28,000 0to1.5 15.000 70 
43 Silicon 5.0 17,000 to 22,000 3to7 7.000 4() 
45 Silicon 10.0 17,000 to 21,000 1.5 to 3 9,000 50 
47* Silicon, 
(Modified)13.0 24,000 to 31,000 5 to 15 
195¢ Copper 4.0, 
HTT No. 4 28.000 to 38,000 6 to 12 13.500 65 
(Minimum 50) 
1954 Copper 4.0, 
HTT No. 16 30,000 to 40,000 3to 8 21.000 75 
(Minimum 70) 
195* Copper 4.0, 
HTT No. 10 36,000 to 50,000 0to5 27,000 100 
(Minimum 80) 
196¢ Copper 5.0 
HTT 33,000 to 45,000 0to2.5 27.000 110 
f Zine 10.0 
145* { Copper 2.5 + 25.000 to 37,000 3 to 6 12,000 65 
| Iron 1.2 
f Copper 10.0 
122¢ Iron 1.2 } 35,000 to 40,000 0to 1.0 20,000 115 
| Magnesium 0.25 
| HTT 10 J 
Y f Copper 4.0 ) 
or Nickel 2.0 $| 30.000 to 40,000 0.5 to 2.0 25.000 100 
142 | Magnesium 1.5 Minimum 
TT 


“The modification process by means of which the properties 
specified for No. 47 alloy are realized, the production of castings 
or alloys Nos. 122, 195 and 196 in the heat-treated state, and alloy 
No. 145, are covered by patents or patent applications owned by 
Aluminum Co. of America. 
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taining about 8 per cent of copper for what may be 
termed general-utility purposes. This includes parts 
which must be produced and machined economically 
and in which the requirements as to strength and duc- 
tility are moderate, such as the majority of crank- 
cases, oil-pans and transmission cases for passenger- 
cars. The original alloy, containing in addition to 8 
per cent of copper only the impurities present in com- 
mercial aluminum which have often been limited to a 
total of 1.7 per cent, has been known as No. 12 alloy and 
as §.A.E. No. 30. 

in commercial practice there have arisen certain 
variations of this alloy. The original alloy is still pre- 
ferred for some purposes, particularly in pattern work, 
In general, however, its casting qualities can be im- 
proved by the addition of either iron or silicon beyond 
the amount ordinarily present as an impurity in 99- 
per cent aluminum ingot. Two chief variations of the 
alloy can thus be recognized, in one of which the iron 
content is kept distinctly higher than the silicon con- 
tent; in the other, the silicon is kept equal to or some- 
what higher than the iron. The first variation is cov- 
ered by S.A.E. Specification No. 33 and is also known 
as No. 112 alloy. Specifications for this alloy permit 
the presence of some zinc, while the copper content can 
be kept slightly lower than in the original alloy. The 
second variation, having a higher content of silicon, is 
known as alloy No. 212. The three commercial varieties 
of the 8-per-cent-copper alloy possesses substantially the 
same tensile properties. They differ slightly in machin- 
ing characteristics, the product covered by S.A.E. Speci- 
fication No. 33 usually being regarded as the easiest to 
machine. 

Aluminum-Copper Alloy Containing 12 Per Cent of 
Copper.—The ease of obtaining castings free from leaks 
in aluminum-copper alloys increases with the copper 
content, which is limited, however, by the increasing 
brittleness of the product. An alloy containing 12 per 
cent of copper is used to a considerable extent for cast- 
ings which must be free from leaks and in which the 
brittleness is not prohibitive, such as manifolds, car- 
bureter and pump bodies, and the like. 

Aluminum-Copper-Iron-Magnesium Alloy, S.A.E. No. 
34, Lynite 122.—An alloy has been developed especially 
for use in pistons in which an attempt is made to meet 
the many and varied requirements of this service to the 
best advantage. This alloy, which has been used for 
the great majority of commercial pistons, contains 10.00 
per cent of copper, 1.20 per cent of iron, and 0.25 per 
cent of magnesium. The copper provides good casting- 
qualities, hardness, and a structure which is resistant 
to wear. The small addition of magnesium further in- 
creases the hardness without increasing the specific 
gravity, and contributes to the maintenance of strength 
and hardness at elevated temperatures. The added iron 
also contributes materially to strength at elevated tem- 
peratures, probably improves resistance to wear and, 
by improving the casting characteristics of the alloy, 
decreases the chance of unseen defects in the product. 
The chief use of this alloy is for pistons cast in per- 
manent molds, but it is used also for pistons and other 
castings cast in sand, such as certain air-cooled cylin- 
der-heads. Its use is indicated where good bearing- 
qualities and hardness are required, and where its 
toughness is sufficient. 

Aluminum-Zinc-Copper-Iron Alloy.—In Europe, cast- 
ing-alloys containing about 10 per cent of zinc and 2 
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per cent of copper have long been popular. Alloys of 
this type, usually containing somewhat more zine and 
copper, were also used extensively in this Country up 
to about 15 years ago, but were largely abandoned for 
various reasons, of which perhaps the most important 
was their hot-shortness. As a result of this quality 
and of the comparatively inefficient inspection methods 
of those days, it is probable that many castings were 
put into service which contained minute casting-cracks. 
Subsequent failures in service probably were due more 
to such defects than to any inherent brittleness or 
aging of the alloys, although it must also be recognized 
that the control of alloy composition in foundries was 
rather poor at that time and that the presence of too 
much zinc would have caused excessive brittleness. 
Other objections to these alloys were their high specific- 





TABLE 2—-PERMANENT-MOLD-CAST ALLOYS, STANDARD 0.505-IN. 
TEST-SPECIMENS 
2 —Aipat ins Z 
“ ape aa = Nn 
= = =D = = A 
Z 225 2h ee sé 
s EET 258 25 
= <Oh ena ase om 
3 Silicon 5.0 18,500 to 24,500 3.0 to 8.0 40 to 45 
108 } siiton 4-2 | 21,000 to 29,500 1.0 to 1.5 65 to 80 
45 Silicon 10.0 24,500 to 29,500 4.5 to 10.0 45 to 56 
112 Same as 
sand-cast 112 21,000 to 29,000 1.5 to 3.0 70 to 90 
(as cast) 
{ Copper 10.0 } 2 
122 Iron 1.2 $22,000 to 30,000 0.0 to 1.5 85 to 105 
Magnesium 0.25 | 
{ Silicon 5.0 } ‘ 
125 Iron 1.0 } 17,500 to 22,500 4.3 to 8.0 40 to 45 
| Tin 2.0 | 
{ Copper 5.5 | e 
151 Iron 1.0 } 20,500 to 26,500 3.5 to 7.5 60 to 70 
Tin 1.0 | a“ 
52 Copper 10.0 20,500 to 29,500 1.0 to 3.0 85 to 110 
195 Copper 5.5 22.000 to 28,000 3.0 to 6.0 60 to 70 


Heat-Treated Alloys 


Heat-Treatment No. 


195 n 35,000 to 39,000 5.0 to 9.0 70 to 90 

195 10 48,000 to 54,500 1.0to1.5 110to 140 
122 2 24,000 to 30,000 0.5 to 1.5 90 to 120 
122 7 40,000 to 48,000 0.5to1.0 125 to 160 
122 12 24,500 to 32,500 0.5 to 1. 0 125 to 160 
122 14 24.000 to 30,500 0.5 to 4 95 to 125 
122 15 26,000 to 32,500 0.5 to Li 115 to 125 


gravity, their loss of strength at elevated temperatures 
and their comparatively poor resistance to corrosion. 
It was discovered by Jeffries and Gibson* that both 
the strength and ductility of alloys of this type can be 
improved by the addition of iron, and it seems that this 
addition, when properly controlled, also improves the 
casting qualities. Such an alloy is now manufactured 
as No. 145 and offers perhaps the best combination of 
strength and ductility obtainable in sand castings with- 
out heat-treatment. With the improved metallurgical 
control, foundry practice and inspection methods which 
are now available, this alloy can be used without fear 
of the unreliability which was associated many years 
ago with aluminum alloys of high zinc-content. 
{luminum-Silicon Alloys.—One of the important de- 
velopments of the last few years has been the use of 
silicon in aluminum alloys. This element had previously 
been regarded as an undesirable impurity, but attention 
Was directed to its possibilities by the discovery by A. 
Pacz’, about 1929, of a process for refining and improv- 
ing aluminum-silicon alloys. Aluminum-silicon alloys 


U. S. Patent No. 1,352,271, Sept. 7, 1920. 
2U. S. Patent No. 1,387,900, Aug. 16, 1921. 


TABLE 3—NOMINAL COMPOSITIONS OF STRONG WROUGHT ALUM- 
INUM-ALLOYS 


Man- Mag- 
Copper, ganese, nesium, Silicon, 
Alloy Per Cent PerCent PerCent Per Cent 

17S and Dural- 

umin 4.0 0.5 0.5 ‘ik 
25S 4.5 0.8 0.0 0.8 
51S as 0.6 1.0 
A178 2.5 0.3 
B17S 3.5 0.3 
C17S 4.0 0.6 0.5 1.25 


Note.—Composition specifications include a minimum aluminum- 
content chosen so as to permit the normal impurities and, in some 
cases, small additions of other elements for specific purposes. 
Where not otherwise indicated, iron and silicon are present in 
amounts usually found in commercial aluminum. 


had previously been produced and many of their char- 
acteristics had been determined, as, for example, the 
embrittling effect of excessive iron-content. The work 
of Pacz came at a time when the aluminum industry 
was ready to appraise the valuable properties of the 
alloys and when high-grade silicon could be made at 
reasonable cost. 

Probably the effect of silicon on aluminum alloys that 
is of most importance, especially to the automotive in- 
dustry, is the improvement of casting qualities. Silicon 
reduces hot-shortness and shrinkage and increases 
fluidity. It is easier to obtain castings that are free 
from leaks with alloys containing substantial amounts 
of silicon than with other common aluminum casting- 
alloys. These valuable properties are obtained in the 
binary aluminum-silicon alloys whether “modified” 
not, and also in complex alloys containing other ele- 
ments, especially copper, in addition to the silicon. 

The process of Pacz consists in treating a molten al- 
loy containing preferably about 13 per cent of silicon 
with about 3 per cent by weight of a flux containing 
sodium fluoride and sodium chloride. Without this 
treatment, sand-cast test-bars of this alloy have a ten- 
sile strength around 20,000 lb. per sq. in. with an elon- 
gation of about 3 per cent. When the fluxing treatment 
is properly carried out, the average tensile-strength is 
about 27,000 lb. per sq. in. and the elongation about 
7 per cent. The fracture of the untreated alloy shows 
a rather coarse, gray, crystalline grain. The treated 
alloy gives a fine fracture somewhat lighter in color 
and without the appearance of crystallinity. Examina- 


TABLE 4—-MECHANICAL PROPERTIES OF STRONG ALUMINUM- 





ALLOYS 
: i 
zs 5 & sg 2¥se 
om —s i a cnn & 
ae . ae ® N ae wD eo 
on SES Fes Tsssm 
> cA we GoM ES Roo5 
iS Se Siu 55 segs 
— = Bok saree &seSe 
< re +e a et A Om SRO 
51SO 14,000 to 19,000 4,000to 6,000 15to30 25 to 32 1 
51SW 30,000 to 40,000 15,000 to 20,000 20to 30 55 to 70 6 
51ST 45,000 to 50,000 30,000 to 40,000 10to18 9$0to 100 12 
25SO 23,000 to 35,000 7,000 to 12,000 12to 20 45 to 55 5 
25SW 45,000 to 53,000 15,000 to 30,000 15 to 22 68 to 85 9 
25ST 55,000 to 63,000 30,000 to 40,000 16to 25 90to 105 11 
17S0 and 
annealed 
dura- 
lumin 25,000 to 35,000 7,000to0 10.000 14to 22 45 to 55 4 
17ST and 
dura- 
lumin 55,000 to 63,000 30,000 to 40,000 18 to 25 90to 105 10 
B17SO 20,000 to 25,000 20 to 28 30to 40 3 
B17 ST 42,000 to 50,000 20,000 to 25,000 20to28 65 to 85 8 
A17S 20,000 to 25,000 20 to 28 30to 40 2 
Al ror 35,000 to 45,000 15,000 to 20,000 20to 28 55 to 75 7 
C17SO 25,000 to 35.00 7.000 to 10,000 12to20 42to 55 4 
C17ST 63,000 to 70,000 50,000 to 55,000 S8tol4 95to125 18 


Note.—Certain modified grades of duralumin are also manufac- 
tured. Alleys 51S and 25S are covered by patents owned by 
Aluminum Co. of America. 
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tion under the microscope shows striking changes in 
structure. The alloy is normally hypereutectic, since 
the aluminum-silicon eutectic occurs at about 11.6 per 
cent of silicon. The “normal” or untreated alloy ac- 
cordingly shows small crystals of primary silicon in a 
matrix of aluminum-silicon eutectic which is fairly 
coarse. The “modified” or treated alloy shows primary 
aluminum dendrites instead of primary silicon and the 
structure of the eutectic is so greatly refined that it 
can sometimes be resolved only with difficulty under the 
microscope. 

It has been found’ that the refining action of the Pacz 
flux is due to the production of metallic sodium by re- 
action between the flux and the molten aluminum, and 
that the refining effect can be produced by adding me- 
tallic sodium directly instead of using the flux, the 
amount of sodium used usually being from 0.05 to 0.10 
per cent of the weight of the metal treated. The details 
of the modifying process‘and the theory of the change 
in structure have been discussed fully in a paper en- 
titled Modification and Properties of Sand-Cast Alumi- 
num-Silicon Alloys’, by R. S. Archer and L. W. Kempf. 

The most common binary aluminum-silicon alloy used 
in this Country is one containing 5 per cent of silicon, 
and it is nearly always used without the modifying 
treatment. The binary aluminum-silicon alloys are 
characterized by excellent casting-properties, good duc- 
tility, rather low yield-point and endurance limit under 
fatigue, and machining properties which are not so 
good as those of some of the common aluminum casting- 
alloys, such as S.A.E. No. 33. 

The modified 13-per-cent-silicon alloy has been used 
to a considerable extent in Europe for automobile cast- 
ings. This use has been based on the rather high com- 
bination of strength and ductility obtained, and on the 
lightness of the castings. Silicon is lighter than alumi- 
num, so the aluminum-silicon alloys are slightly lighter 
than the common casting-alloys containing copper or 
zinc. This fact, together with the ability to run some- 
what thinner sections, makes it possible to save some- 
thing in the weight of many castings. These consid- 
erations have not resulted in as wide a use of this alloy 
in the United States as in Europe, for various reasons. 
First, there are available in this Country heat-treated 
castings which are superior to the modified 13-per-cent- 
silicon alloy in mechanical properties and also in ma- 
chinabilitvy. These castings, which will be discussed 
more fully later, were developed in this Country and 
have not been available in Europe. Second, the demand 
for thin sections has in many cases been met in this 
Country by die-castings, the manufacture of which has 
developed to a higher extent here than in Europe. Fi- 
nally, the somewhat greater difficulty of machining the 
aluminum-silicon alloys is regarded as a more serious 
matter by the large-scale American automobile-producer 
than by the small-scale European producer. 

An alloy containing about 12 per cent of silicon but 
without any special modifying treatment is used ex- 
tensively in the manufacture of die-castings in cases 
in which it permits castings to be made that would be 


* Edwards, Frary and Churchill, U. S. Patent No, 1,410.461, March 
21, 1922. 

5See Transactions of the American Institute of Mining and 
Metallurgical Engineers, 1926, vol. 73, p. 581. 

* Archer and Edwards, U. S. Patent No. 1,572,459, Feb. 9, 1926. 

‘Archer, Jeffries and Johnston, U. S. Patents Nos. 1,572,489 
and 1,572,490, Feb. 9, 1926. 


8 See Proccedings of the 
Institute of Mining and 


Institute of Metals Division. 
Metallurgical Engineers, 
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1927, p. 35. 
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difficult or impossible in the older alloys. The chilling 
action of casting in dies or permanent molds produces a 
refining effect’ analogous to that brought about in sand 
castings by the addition of sodium. 

The normal alloy containing 5 per cent of silicon has 
attained a considerable use in both sand castings and 
permanent-mold castings. Many castings for automo- 
bile-body construction that were formerly made of a 
5-per-cent-copper alloy have since been made of the 5- 
per-cent-silicon alloy, which casts more easily and has 
somewhat better ductility, that enables it to be more 
readily straightened, peened, and the like. It 
more resistant to corrosion. 

As already mentioned, the superior casting-qualities 
of the aluminum-silicon alloys can also be obtained in 
complex alloys, and a series of such alloys has been 
developed’ and put into commercial use. They have 
greatly extended the possibilities in die-castings and 
permanent-mold castings. Among the difficult castings 
of aluminum-copper-silicon alloys which have recently 
been made in permanent molds may be mentioned covers 
for overhead-valve engines. 

Heat-Treated Castings.—Since the beginning of the 
aluminum foundry-industry there has been a more or 
less continuous effort to develop alloys capable of with- 
standing the most severe types of service. The early 
efforts were directed mostly toward the attainment of 
high tensile-strength, and this property was often pro- 
duced at an undue sacrifice of ductility. 

The search for the best product, combining strength 
and ductility, has led to the development of heat-treated 
castings of an alloy containing about 4 per cent of cop- 
per, known as Lynite 195. See the paper entitled 
Aluminum Castings of High Strength’, by R. S. Archer 
and Zay Jeffries. This alloy as cast in sand contains 
between the grains a partial network of aluminum- 
copper eutectic. The constituents of this eutectic are 
the hard, brittle compound CuAl, and aluminum con- 
taining a small amount of copper in solid solution. By 
reheating such a casting for a sufficient length of time 
at a temperature just below the melting point of the 
eutectic, it is possible to bring substantially all of the 
CuAl, into solid solution and this solid solution can be 
retained by quenching. The casting is then much 
stronger and more ductile than before the heat-treat- 
ment. The solid solution thus obtained is supersatu- 
rated, but is fairly stable at ordinary temperatures be- 
cause of the rigidity of the metal. By reheating the 
casting to about 300 deg. 


is also 


fahr., however, the super- 
saturated solution can be caused to break down, with 
the formation of a very fine precipitate of CuAl,. This 


results in increased hardness and decreased plasticity. 

The heat-treatment at a temperature just below the 
melting point of the eutectic, which has for its object 
the dissolving of the greatest possible amount of soluble 
constituents in the alloy, is referred to as a “solution 
heat-treatment.” The secondary treatment at about 
300 deg. fahr. is referred to as a “precipitation heat- 
treatment”, or sometimes as “artificial aging”. By 
varying the temperature and time of the precipitation 
heat-treatment, it is possible to produce castings having 
a considerable range of strength and hardness. The 
properties of some of these products are given in Tables 
1 and 2. 

Heat-treated castings of this type have now been in 
commercial production for more than 7 years and have 
been proved in a wide variety of applications. The first 
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commercial casting was a differential carrier which re- 
placed malleable iron with satisfactory results. Since 
then there has been a considerable use of heat-treated 
crankeases for heavy-duty engines, such as those in 
fire engines, motorcoaches, motor-trucks and aircraft. 
Other heat-treated castings include cylinder-heads, 
transmission cases, windshield brackets, door-pillars, 
prake-shoes, parts for outboard motorboat engines, mis- 
cellaneous stressed parts for aircraft, and the like. 

Y Alloy.—This alloy, which contains 4.0 per cent of 
copper, 2.0 per cent of nickel and 1.5 per cent of mag- 
nesium, was developed in the National Physical Labo- 
ratory in England and was highly recommended for 
many purposes. Its use has thus far been very limited be- 
cause it has not appeared to offer advantages sufficient to 
justify its extra cost. The chief advantage claimed is 
that of strength at elevated temperatures. Any small 
superiority which this alloy may possess in this respect 
over other alloys of lower cost has not generally been 
considered, even in the case of pistons, to warrant the 
extra cost, which is due not only to the composition of 
the alloy but to its melting, casting and working char- 
acteristics. Both castings and wrought products of Y 
alloy are subject to improvement by heat-treatment. 
Heat-treated sand-castings, however, are very brittle, 
and even chill castings do not possess much ductility 
as compared with some of the heat-treated castings al- 
ready mentioned. Some other advantages of Y alloy 
may be brought to light and may result in its more ex- 
tensive use. 


WROUGHT ALUMINUM-ALLOYS 


The highest strength and ductility are obtained only 
in alloys which have been worked mechanically, as by 
rolling, forging, extrusion, drawing or similar proc- 
esses, and the physical properties may not be fully de- 
veloped until the cross-section of the material has been 
reduced about 90 per cent. The wrought aluminum-al- 
loys can be divided into two classes according to whether 
or not they can be hardened by heat-treating. Com- 
mercially pure aluminum (28S) and an alloy (3S) con- 
taining about 1.25 per cent of manganese are hardened 
in the usual way by cold working and can then be 
softened by annealing at about 650 deg. fahr. They 
cannot, however, be hardened by heat-treating. There 
are now several fairly distinct types of aluminum alloy 
which can be hardened by heat-treating. The composi- 
tions and properties of some of these alloys are given in 
Tables 3 and 4. Further description is given in the 
following discussion, and various published articles’ can 
be consulted for greater detail. 

Aluminum-Copper-Magnesium Alloy.—The develop- 
ment of the modern high-strength aluminum-alloys be- 
gan with the work of Wilm in Germany about 20 years 
ago. The term “duralumin” is derived from the name 


_*Duralumin—A Digest of Information; by H. C. Knerr. 
lished in the Transactions of the American 
Treating. 1922, vol. 3, p. 13. 

New Developments in High-Strength Aluminum-Alloys; by 
R. S. Archer and Zay Jeffries. Published in the Transactions of 
the American Institute of Mining and Metallurgical Engineers, 
1925, voi. 71, p. 828. 

Heat-Treatment of Wrought Aluminum-Alloys of High Strength. 
Published in Data Sheet A1-5601 of the American Society for 
Steel Treating, September, 1927. 

Commercial Forms and Applications of Aluminum and 
Aluminum Alloys; by P. V. Faragher. See Technical Publication 
No, 33, Institute of Metals Division, American Institute of Mining 
and Metallurgical Engineers, September, 1927. 

Some Aspects of the Commercial Manipulation of Aluminum; 
by C. F. Nagel. Jr. See Technical Publication No. 32, Institute of 
Metals Division, American Institute of Mining and Metallurgical 
Engineers, September, 1927. 
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of the firm with which Wilm was connected, the Dure- 
ner Metallwerke A. G. It has no exact metallurgical 
meaning but is generally assumed to indicate an alumi- 
num alloy in which the essential additions are copper 
and magnesium. A typical composition of this type, as 
given in Table 3, has 4.0 per cent of copper, 0.5 per cent 
of magnesium and 0.5 per cent of manganese. After 
hot-rolling and a normal amount of cold-rolling, H tem- 
per, this alloy in the form of sheet may have a tensile 
strength around 42,000 lb. per sq. in. with an elongation 
of 4 per cent. After annealing at 600 to 650 deg. fahr., 
O temper, the tensile strength is about 26,000 lb. per 
sq. in. and the elongation about 16 per cent. Starting 
with either the cold-rolled or the annealed material, the 
alloy may be heat-treated at about 950 deg. fahr. and 
quenched. Immediately after quenching, the tensile 
strength is about 45,000 lb. per sq. in. and the elonga- 
tion about 19 per cent. On standing at ordinary tem- 
peratures, or “aging”, the quenched alloy undergoes a 
spontaneous increase in hardness so that, after a few 
days, the tensile strength is about 60,000 lb. per sq. in., 
while the elongation is practically unchanged; but the 
plasticity and workability are decreased. 

Probably the earliest conspicuous use of this new 
material of construction was in the Zeppelins built in 
Germany during the World War. Use of the material 
in other fields did not develop commercially as rapidly 
as might have been expected in view of the attainment 
of a tensile strength comparable with that of mild steel, 
combined with the low specific-gravity of aluminum. 
This was probably due in part to the fact that industry 
had not yet got the habit which it now has of seeking 
special materials of construction to meet various needs 
with the greatest possible efficiency; but it was also 
due, to an important extent, to the high cost or diffi- 
culty of getting the alloy in the desired fabricated 
forms. 

Alloys of the duralumin type containing aluminum, 
copper and magnesium, are inherently rather difficult to 
work, just as are certain alloy steels. One of the ob- 
jectives of metallurgical research in this Country was 
the production of alloys which could be hardened by 
heat-treating but which could be more easily worked 
than the duralumin type of alloy already mentioned. 
Two distinctly new types of alloy resulted from this 
work. 

Aluminum-Copper-Alloy..-One of these alloys (25S) 
can be referred to as an aluminum-copper alloy, although 
it contains, in addition to copper, important additions 
of silicon and manganese. Its actual composition is 
given in Table 3. After quenching from about 960 deg. 
fahr., this alloy does not undergo any appreciable age- 
hardening at room temperature as does the 17S alloy 
mentioned. A similar degree of hardening can be pro- 
duced, however, by a precipitation heat-treatment in 
the neighborhood of 300 deg. fahr., so that the final 
tensile-properties of the fully heat-treated material are 
about the same. 

As in the case of the heat-treated castings already 
described, the high-temperature heat-treatment of the 
wrought alloys is referred to as a “solution heat-treat- 
ment”, while the subsequent low-temperature heat- 
treatment is referred to as a “precipitation treatment” 
or as “artificial aging’. The aluminum-copper alloy 
(25S) can be used in either of two heat-treated condi- 
tions or tempers; (a) quenched from a solution heat- 
treatment and aged only at room temperature, this 
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Fic. 1—MICROGRAPH, BY E. H. Dix, Jr., SHOWING A CROss- 
SECTION OF No. 14 GaGe ALcCLAaD 17ST SHEET, MAGNIFIED 
50 TIMES 
The Section Was Etched with 1-Per Cent Hydrofluoric Acid in 
Such a Manner That the Diffusion Zone and Grain Boundaries 
in the High-Purity Metal Are Clearly Revealed, But the 17S 
Structure Is Severely Over-Etched and Consequently Appears Dark 


temper being designated W; and (b) quenched from a 
solution heat-treatment and artificially aged to produce 
increased hardness and strength, this temper being des- 
ignated T. The alloy is generally used in the T condi- 
tion, although the W temper has some advantages, in- 
cluding better workability and superior resistance to 
salt-water corrosion. This alloy can be worked hot, as 
by rolling or forging, much more easily than the alumi- 
num-copper-magnesium type of alloy. This property 
has been of great assistance in the development of some 
of the more difficult fabricated articles such as aircraft 
propellers, the majority of which are made of this alloy 
in the T condition. The alloy is also used extensively 
for the manufacture of forged connecting-rods for in- 
ternal-combustion engines. Its possibilities for parts 
of larger size are suggested by its successful use in 
connecting-rods and in the side-rods of railroad loco- 
motives. 

Aluminum-Magnesium-Silicon Alloy.—An alloy (51S) 
having still better working qualities contains magnesi- 
um and added silicon, but no copper except that derived 
from the aluminum ingot as an impurity. The compo- 
sition is given in Table 3. After solution heat-treating 
at about 970 deg. fahr. this alloy exhibits spontaneous 
age-hardening at ordinary temperatures but can be 
hardened still further to an important extent by arti- 
ficial aging around 300 deg. fahr. There are thus two 
tempers, W and T, as in the case of the aluminum- 
copper alloy; and the W temper is of considerable value 
because of its great workability. The artificial-aging 
process can, of course, be applied after material in the 
W condition has been formed by cold-working opera- 
tions. 

Even in the fully heat-treated condition, alloy 51S 


” Jeffries and Archer, U. S. Patent No. 1,472,740: Oct. 30, 1923; 
filed Dec, 20, 1921. 
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does not develop as high strength as those previously 
described. See Table 4. The strength is ample for 
many purposes, however, and it is to be noted that the 
yield-point in the 7 condition is as high as, or even 
higher than, that of the two other alloys. The superior 
workability of this alloy leads to the economical fabri- 
cation of certain forms including tubing, and articles 
formed from sheet, such as aluminum furniture. It is 
also the most easily forged of all the strong aluminum- 
alloys. A rather striking result achieved by virtue of 
this property is the forging of crankcase halves for a 
radial aircraft-engine. These forgings would have been 
very difficult, or commercially impossible, in any of the 
other strong aluminum-alloys. 

Aluminum-Copper-Magnesium-Silicon Alloys. — It 
will be noted that two of the wrought alloys already 
mentioned develop a tensile strength of about 60,000 lb. 
per sq. in. in the fully heat-treated condition. These 
materials can be further hardened and strengthened 
by cold working after heat-treating, but the applica- 
bility of this means of hardening has evident limita- 
tions. There have naturally been attempts to produce 
alloys of higher strength, obtainable by heat-treating 
alone, and materials have been made having tensile 
strengths up to 82,000 lb. per sq. in. The alloys of 
highest strength contain considerable quantities of zinc 
and are objectionable from certain considerations in- 
cluding difficulty of fabrication, loss of strength at 
slightly elevated temperatures, susceptibility to corro- 
sion, and high specific-gravity. 

It has been found” possible, however, to produce al- 
loys with tensile strengths from 63,000 to as high as 
75,000 lb. per sq. in. which are free from zinc. These 
alloys can be regarded as similar to the aluminum-cop- 
per-magnesium type already described, but containing 
more silicon than is ordinarily found as an impurity in 
aluminum ingot. The presence of this added silicon 
makes alloys of this kind susceptible to marked addi- 
tional hardening by artificial aging. Sheet and certain 
other forms have been regularly produced in one alloy 
of this type (C-17S), while another alloy of this type 
(4278S) has been made into forgings on a somewhat 
experimental basis. Small test-bars cut from forged 
and heat-treated connecting-rods of the latter alloy have 
shown strengths from 65,000 to 70,000 lb. per sq. in., 
with elongations from 19 to 13 per cent, respectively. 

Alclad Sheet.—Within the last few years an especial- 
ly keen interest has been taken in the corrosion of 
aluminum by salt water. MHigh-strength aluminum- 
alloy sheet sometimes exhibits corrosion of an inter- 
granular type with consequent embrittlement. This has 
naturally been a matter of some concern in the con- 
struction of aircraft. The corrosive action can be pre- 
vented by keeping the material properly protected with 
suitable coatings such as aluminum-bronze powder in 
spar varnish or, for surfaces immersed in water, a bi- 
tuminous paint. 

An opportune solution of this problem has been pro- 
vided by the production of strong alloys on which a 
coating of aluminum of high purity is rolled in such a 
way that it is welded to and integral with the base 
material. Alclad strong-alloy sheet, as it is called, 
combines the strength of the core with the very high 
corrosion-resistance of the pure-aluminum coating. See 
Fig. 1. Furthermore, the pure aluminum has a higher 
solution-potential than the base material, so that the 
latter is protected by galvanic action even on cut edges 
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or at other points where it is exposed. Specimens of 
this strong-alloy sheet" have been exposed to the action 
of salt spray for one year without any change in tensile 
properties. 


ALUMINUM PRODUCTS 

The made in aluminum alloys and heat- 
treating would be of limited use without a correspond- 
ing progress in fabricating processes. The variety of 
cast-aluminum and wrought-aluminum products has 
been greatly extended in respect to both size and com- 
plexity of form. At the same time, the costs of the 
various fabricating operations have been substantially 
reduced. 

It is beyond the scope of this paper to define the lim- 


progress 


n“Alclad” A New Corrosion-Resistant Aluminum-Product; by 


B. H. Dix, Jr presented before the annual meeting of the 
National Advisory Committee for Aeronautics, May, 1927. See 
National Advisory Committee for Aeronautics Technical Note No. 
259, August, 1927 

Corrosion-Resistant Aluminum-Alloys: by E. H. Dix, Jr. See 


Mining and a 395 


Vetallurgy, September, 1927, p. 


2 Some Aspects of the Commercial Manipulation of Aluminum; 
by C. F. Nagel, Jr. See Technical Publication No. 32, Institute 
of Metals Division, American Institute of Mining and Metallurgi- 
cal Engineers, September, 1927 

Commercial Forms and Applications of Aluminum and Al- 
uminum Alloys; by P. V. Faragher See Technical Publication 
No. 33, Institute of Metals Division, American Institute of Mining 
and Metallurgical Engineers, September, 1927 
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Cylinder-Head of an 


ALUMINUM PARTS Now 


Fig. 2—Cover for the F-Head Automobile- 


Engine Made of Aluminum-Silicon-Copper Alloy in a Permanent 
Mold: Weight 5.22 Lb. Fig. 3—Sand-Cast Crankcase of Heat- 
Treated 4-Per-Cent-Copper Alloy, Lynite 195-4, for a Radial 
Diesel Engine; Weight 1200 Lb Fig. 4—Drop-Forged Nose-Piece 
for a Radial Aircraft Engine Made of 51S Alloy Heat-Treated to 
Give a Minimum Tensile-Strength of 40,000 Lb. per Sq. In. and 
& Minimum Elongation of 12 Per Cent: Weight about 18 Lb. 
Fig. 5—Sand-Cast Crankease for a 24-Cylinder Aircraft Engine 
Made of Heat-Treated. 4-Per-Cent-Copper Alloy, Lynite 195-4; 
Weight 450 Lb Fig. 6—Sand-Cast Cylinder-Head for an Air- 


DEVELOPMENT 


OF ALUMINUM 


iting dimensions, tolerances and the like, for various 
types of product. These factors have been discussed” 
in previous publications and the information is being 
continuously brought uptodate in the literature of the 
various producers. In general, it can be said that ma- 
terial in any form required by the automotive industry 
is now being, or can be, commercially produced. Sand 
castings weighing up to 3800 lb. have been made; per- 
manent-mold castings up to 57 lb. and die-castings up 
to 12 lb. have been produced. Larger pieces can be 
made whenever the requirements arise. Forgings have 
been made which weigh from about 1% oz. up to 700 lb. 
Strong-alloy ingots weighing about 2100 lb. and com- 
parable in size with ingots used in steel mills have been 
successfully rolled on an experimental basis. Aluminum 
is inherently very adaptable to fabricating processes 
and no fundamental reason has appeared which seems 
to impose any limitation on the products that can be 
made from this metal. 


APPLICATIONS OF ALUMINUM 


It is not proposed here to repeat much of what has 
been said about the application of aluminum to automo- 
tive purposes or to give any extended list of specific 
applications. It may be worthwhile, however, to call 
attention to a few general principles and to mention a 





AVAILABLE FOR AUTOMOTIVE PURPOSES 


Cooled Aircraft Engine Made of Heat-Treated Y Alloy, Lynite 


142-42; Weight 12 Lb. Fig. 7—Automobile Brake-Support Cast 
in a Permanent Mold; Alloy No. 108, Weight 2.06 Lb. Fig. 8— 


Automobile Door-Pillars Cast in a Permanent Mold and Made of 
Heat-Treated 4-Per-Cent-Copper Alloy, Lynite 195-60: Weight 3.83 
Lb. Fig. 9—Forged-Aluminum Aircraft Propeller Bent in Ser- 
vice; Illustrative of the Ductility of the Metal. Made of 25S 
Alloy, Heat-Treated To Give a Tensile Strength of about 60,000 
Lb. Weight about 40 Lb. Fig. 10—Sand-Cast Nose- 
Piece of Lynite 195-4 Alloy for a Radial Aircraft Engine; Weight 
30 Lb. 


per Sq. In.; 
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TABLE 5—PROPERTIES OF STEEL AND ALUMINUM BEAMS OF mately three times the corresponding modulus for 

CONSTANT WIDTH aluminum alloys. In tension or compression, therefore, 

Steel Aluminum Aluminum = Aluminum jt would be necessary to employ a cross-section of alumi- 

aaa num three times as great as that of steel to attain the 

daeeeien Prcersenereey FXG ee j same elastic deformation under a given stress. Since 

a 1 1 1.44 2.89 the ratio of the specific gravity of steel to that of the 

d? 1 1 208 7.98 average aluminum-alloy is only about 2.8, such a sub- 

da? 1 1 3.00 22.50 stitution would result in increased weight of material, 

Weight 100 35.4 51 100 More often, the problem is one of limiting deflection 

Strength 100 50.0 104 399 under transverse or bending stresses as in beams and 

Stiffness 100 33.3 100 7 columns. It is here that the advantage of aluminum 

; : Assumptions Made ep becomes marked, since stiffness depends on elastic 

Young's Modules, lb. per sq. in. 30,000,000 10,000,000 modulus and on the moment of inertia of the section, 

Tensile Strength, lb. per sq. in. 100,000 50,000 Which increases rapidly with increasing linear dimen- 

Note-——Comparisons Are Made of the Properties of Steel and sions. Two simple cases will be cited by way of illus- 

Aluminum-Alloy Beams of Fixed Width and Varying Thickness 


or Depth. These Are the Conditions Encountered in Dealing with 


Sheet, for Example. The Letter d Represents the Depth of the 
Beams. It Will Be Noted That for Equal Stiffness the Depth of 
the Aluminum Beam Is 1.44 Times That of the Steel Beam, Its 
Weight 51 Per Cent That of the Steel and Its Strength 104 Per 
Cent. For Beams of Equal Weight the Depth of the Aluminum 
Is 2.8 Times That of the Steel, Its Strength about Four Times 


as Great, and Its Stiffness 7.5 Times as Great. 
few applications for,motor-vehicle and for aircraft use 
which seem of special interest. (See Figs. 2 to 17.) 

Principles of Weight Reduction.—It is not a new 
principle but is a somewhat neglected one that the 
possibility of saving weight in mechanical construction 
by the use of aluminum is often due to its great rig- 
idity under transverse loading in relation to its weight. 
Many parts or structures are designed with larger sec- 
tions than would be necessary for the required strength 
merely to attain the desired stiffness or resistance to 
deflection within the elastic limit. This is often true 
where gray-iron castings are used instead of a stronger 
material such as cast steel, or where plain carbon-steels 
not heat-treated are used instead of heat-treated alloy- 
steels. 

In simple tension or compression the elastic deforma- 
tion for a given stress within the elastic limit depends 
on the modulus of elasticity EF and on the area of the 
section. The elastic modulus of steel, like that of alumi- 
num alloys, is substantially independent of composition, 
mechanical working or heat-treating within the limits 
encountered in ordinary practice. A value of 30,000,- 
000 lb. per sq. in. can be taken as representative of the 


elastic modulus of steel in tension. This is approxi- 





TABLE 6—PROPERTIES OF STEEL AND ALUMINUM BEAMS OF 
GEOMETRICALLY SIMILAR CROSS-SECTION 
Steel Aluminum Aluminum Aluminum 
a 1 1 1.329 
a’ 1 1 1.732 
a° 1 1 2.280 
a* 1 35.4 3.000 
Weight 100 50.0 61.4 
Strength 100 33.3 114.0 
Stiffness 100 35.3 100.0 





Assumptions Made 


Steel Aluminum 
Specific Gravity 7.9 2.8 
Young’s Modulus, lb. per sq. in. 30,000,000 10,000,000 
Tensile Strength, lb. per sq. in. 100,000 50,000 
Note.—For Simplicity of Comparison, a Square Section Is As- 
sumed. The Letter a Represents the Length of the Side of the 
Sauare. For Beams of Equal Stiffness, the Weight of the Alumi- 
num is 61 Per Cent of That of the Steel, and Its Strength 
114.-Per Cent. For Beams of Equal Weight, the Stiffness of the 
Aluminum Is 265 Per Cent That of the Steel, and Its Strength 
237 Per Cent. 





tration. (See Tables 5 and 6.) 

The object of reducing the weight of parts in auto- 
mobile construction is often more than a desire merely 
to reduce total weight. In the case of reciprocating 
parts like pistons and connecting-rods, reduction of 
weight decreases bearing pressures and inertia whether 
the reciprocating masses are balanced or not, and, if 
they are not perfectly balanced, the reduction in weight 
also results in decreased vibration. The reduction of 
unsprung weight is regarded as more important than 
the reduction of weight above the springs because of 
the attainment of improved riding-qualities. A special 
object of reducing weight is sometimes to improve the 
balance of the car as a whole as, for example, in the 
reduction of weight at the front end. A similar con- 
sideration is involved in the use of aluminum bodies to 
lower the center of gravity of the car. More than the 
reduction of gross weight is involved in the case of 
rotating masses, as in wheels where the kinetic energy 
of rotation is added to that of translation. 

Even when the object of reducing the weight of parts 
is merely to reduce the total weight of the car, it is 
important to consider the cumulative effect of many 
small reductions. To use aluminum instead of tron or 
steel for any one part, such as a transmission case, saves 
only the difference between the weight of the aluminum 
part and the iron or steel part. If these savings are 
sufficiently numerous, however, the aggregate saving 
may well be such that further reductions become possi- 
ble in the weight of other parts of the car such as the 
frame, the springs and, finally, the engine. This cumu- 
lative effect becomes most apparent when an attempt is 
made to use aluminum to the greatest possible extent, 
as was done in some experimental cars built by our com- 
pany, to which further reference will be made later. 

There is perhaps in some minds a question as to the 
object of saving over-all weight and a feeling that 
weight is necessary to obtain the best riding-qualities. 
In fact, riding-qualities seem to depend chiefly, so far 
as weight is concerned, on the ratio of sprung to un- 
sprung weight, and also to an important extent on the 
wheelbase of the car. It is believed that it can be said 
with fair accuracy that the riding-qualities of a heavy 
car can be equalled in a light car having the same wheel- 
base, provided the ratio of unsprung weight to total 
weight is kept as low. The problem can be considered 
one of providing a given space in the body for the ac- 
commodation of passengers and a given length of wheel- 
base to produce the desired riding-qualities. The lower 
the total weight of material used to meet these require- 
ments is, the better will be the acceleration, the hill- 
climbing ability and the operating economy. 
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AUTOMOTIVE DEVELOPMENT 


Pistons.—The advantages of aluminum pistons due to 
their lightness and high thermal-conductivity are now 
well recognized”. Lightness results in reduction of both 
vibration and bearing pressure. The reduction of vi- 
bration is more important the less perfectly the engine 
is balanced, while the reduction of bearing pressure 
becomes increasingly important as engine speeds be- 
come higher. High thermal-conductivity increases the 
allowable compression-ratio with less carbon deposited 
on the piston-head, resulting in less preignition, cleaner 
and cooler oil and cooler bearings. 

The chief obstacle in the use of aluminum pistons 
has been the high coefficient of thermal expansion, which 
is about twice that of cast iron. This makes it neces- 
sary to fit plain cylindrical aluminum pistons, referred 
to as trunk-type pistons, with considerably more clear- 
ance than is usually allowed for cast iron. This in- 
creased clearance may result in what is known as piston 
slap when the engine is started cold. Many schemes 
have been devised to compensate for the greater expan- 
sion of aluminum compared with cast iron. A few of 
these schemes have been commercially successful and 
have played a major part in the rapid growth in the use 
ef aluminum pistons. (See Fig. 11.) 

The design which brought the aluminum piston into 
prominence is the split-skirt design in which the bear- 
ing faces are separated from the head by horizontal 
slots, thus preventing the direct flow of heat from the 
head to the skirt and thus maintaining a lower skirt- 
temperature. Up the center of one of the bearing faces 
runs a vertical slot which allows the wall of the piston 
to deflect slightly after it reaches the size of the cylin- 
der-bore, thus eliminating the possibility of seizure. 
The clearance provided with this type of piston is usual- 
ly about the same as with cast iron. 

Recently a demand has developed for still closer clear- 
ances, and to meet this demand the insert piston has 
been developed. This type is similar to the split-skirt 
type in most of its essential features; but the connection 


“ Light-Alloy Pistons; by G. D. Welty. See The Journal, August, 
1927, p. 146 





Fic. 11—VaArRI0US TYPES OF ALUMINUM-ALLOY PISTON 
These Were 
Per Cent of Copper, 0.25 Per Cent of 
Cent of Iron. 


Made, in a Permanent Mold, of Alloy Containing 10.00 
Magnesium and 1.20 Per 
A Trunk-Type Aircraft Piston Is Shown in the 
Upper Left View, and a Ricardo Slipper-Type Aircraft Piston in 
the Upper Right View. In the Lower Row, Left to Right, Are 
Shown Automobile-Engine Pistons of the Following Types: Full- 
Control Invar-Insert; Single-Strut Invar-Insert; Split-Skirt: and 
Split-Trunk 
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Fic. 12—VaARIOUS STEPS IN FORGING AN ALUMINUM CON- 
NECTING-ROD 

The Rod Is Made of Alloy 25S and Weighs 1.3 Lb. 

after Forging To Give a Tensile 

60,000 Lb. Per Sq. In. 


It Is Heat- 
Strength of about 


from the piston-pin bosses to the edges of the bearing 
faces, instead of being by aluminum ribs, is by steel 
inserts cast into the piston-pin bosses and into the 
edges of the bearing faces. These two steel-inserts 
carry the thrust loads of the piston against the cylin- 
der-wall and act as spacers between the two bearing- 
faces controlling the expansion across the bearing faces 
caused by heat. Most of these inserts are made of a 
steel containing about 33 per cent of nickel, which has 
a lower coefficient of expansion than ordinary steel. 
Pistons of this type can be fitted with less clearance 
than is ordinarily employed with cast iron. They are 
somewhat heavier and more costly to produce than the 
all-aluminum type. 

Next to expansion, the chief problem in connection 
with aluminum pistons has probably been that of wear, 
which becomes most aggravated in the difficulty known 
as scuffing. It has now been demonstrated that this 
ailment is due to failure of lubrication, the worst con- 
dition being found in engines using a full pressure sys- 
tem with the oil-pump located high on the engine. 
When the engine is started cold, pistons and cylinders 
receive no fresh oil for several minutes. The remedy 
for this trouble lies in providing means for getting 
fresh oil to the cylinder-walls as soon as the engine is 
started, and methods have been developed for accom- 
plishing this purpose. With perfect lubrication, alumi- 
num shows practically no wear against cast iron; but it 
must be recognized that, with imperfect lubrication, 
aluminum is more subject to wear than is cast iron. 
In addition to the improvement of lubrication referred 
to, there has been an important improvement in the 
hardness of aluminum pistons. 

Most commercial aluminum pistons are now heat- 
treated. The principal object of heat-treating is usual- 
ly to increase the hardness to improve resistance to wear 
on the skirt, resistance to hammering in the piston-ring 
grooves and the piston-pin bosses, and resistance to tak- 
ing a permanent set in the case of pistons of the flexible- 
skirt type. Some years ago pistons having a Brinell 
hardness as low as 70 were used, while a minimum 
Brinell hardness of 125 is now commercially obtainable. 
There may be other objects of heat-treating, such as 
improvement of toughness or prevention of permanent 
growth. 

Connecting-Rods.—Although cast-aluminum connect- 
ing-rods are used successfully in some engines of small 
size, the rods commonly used where high stresses are 
encountered are drop-forgings of one of the strong 
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aluminum-alloys providing a tensile strength of about 
60,000 lb. per sq. in. Rods made of such material and 
designed to provide a liberal margin of strength and 
stiffness offer a saving in weight of about 40 to 50 per 
cent over corresponding steel rods. The lightness of 
the aluminum rod reduces vibration and bearing pres- 
sures. (See Fig. 12.) 

The most common practice is to babbitt the big end 
of the rod, although inserted bushings have also been 
used. Aluminum does not take babbitt readily, and it 
was necessary to develop a special technique for this 
operation. The rod is first tinned with the assistance 
of a scratch brush to break through the superficial film 
of aluminum oxide. The rod will then take babbitt 
readily. In these operations it is necessary to control 
carefully the temperatures employed at the time during 
which the rod is exposed to these temperatures to pre- 
vent undue softening of the heat-treated aluminum- 
alloy. With proper control, satisfactory results are ob- 
tained. The high thermal conductivity of the aluminum 
then assists very materially in keeping the bearing cool. 
Aluminum connecting-rods have been used successfully 
for several years in regular production, in a number 
of automobile and marine engines both here and abroad. 
They have also been used successfully on an experi- 
mental basis in aircraft engines. 

Cylinder-Heads.—In addition to lightness, aluminum 
cylinder-heads offer the advantage of better cooling and 
the possibility of using higher compression-ratios. 
(See Figs. 2, 6 and 13.) Sand-cast aluminum cylinder- 
heads are standard in air-cooled aircraft-engines. 
Aluminum heads are also used in water-cooled automo- 
bile engines and some other engines. These are usually 
sand castings, but permanent-mold castings have also 
been used and forgings have been proposed. 

Cylinder-Blocks.—There has been some use of alumi- 
num cylinder-blocks, generally with inserted cast-iron 
liners. An interesting possibility is offered by an alloy 
cast-iron containing approximately 20 per cent of nickel 
and 3 per cent of chromium which is reported to have a 
coefficient of expansion about half way between that of 
ordinary cast iron and aluminum and not far below that 
of certain aluminum alloys. With this construction it 
would be possible to use a light aluminum-piston of the 
simple trunk-type with clearances virtually the same as 
with cast-iron pistons. This iron is also much more re- 
sistant to rust than is the ordinary grade of cast iron. 
(See Fig. 14.) 

Crankcases.—Some tendency has been evident in the 
last few years to use cast-iron crankcases instead of 
aluminum. In nearly all cases this has been done frank- 
ly for the purpose of reducing cost. There has perhaps 
been some feeling that aluminum is less rigid than cast 
iron; but rigidity can be secured readily by providing 
suitable sections and ribs. (See Figs. 3 and 5.) There 
are at present some indications of a return to aluminum 
on the part of manufacturers who have been using cast 
iron. 

Brake-Shoes.—There is at least one application in 
which the high coefficient of thermal expansion of alumi- 
num is an advantage. In internal brakes the heating 
of the brake-drum tends to cause it to draw away from 
the brake-shoes. The expansion of aluminum brake- 
shoes helps to neutralize this effect. Aluminum brake- 
shoes also have the advantage of lightness, rigidity and 
ability to dissipate heat. (See Figs. 7, 15 and 16.) 

Aluminum Wheels.—Several types of aluminum wheel 
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have been designed which are successful from a tech- 
nical viewpoint, and attempts have been made to com- 
mercialize them. Some such wheels have been used in 
this Country; and it is reported that considerable num- 
bers have been used abroad, especially on motorcoaches, 
A forged disc-wheel having the brake-drum integral 
with it offers attractive possibilities. A wheel of this 
type will be described later. 

Tire Valves.—Automobile tire-valves made of high- 
strength aluminum-alloy rod are now coming into use 
on what might be termed an extensive experimental 
scale. Their lightness is of assistance in producing a 
balanced wheel, and is also believed by some to decrease 
the danger of injury to the rubber tube in handling. 
On account of the lower cost of aluminum per unit vol- 
ume, there is a possibility of making valves more cheap- 
ly of aluminum than of brass. 

Bodies.—The use of aluminum sheet in body con- 
struction makes possible a substantial saving in weight 
over that of bodies built of steel sheet. This reduces 
the total weight of the car and lowers the center of 
gravity. The saving in weight is especially important 
in doors, because of the decreased loads on the hinges. 
(See Fig. 8.) 

Much is to be said for bodies built up of aluminum 
castings. A body of this type is likely to weigh about 
the same as a corresponding body made of steel sheet. 
It has much greater rigidity, however, which makes it 
more quiet and improves the accuracy and permanence 
of alignment and fitting with respect to doors. Trouble 
has been experienced occasionally in the past with cast- 
aluminum bodies because of poor adherence or blister- 
ing of paint. It is now generally known that proper 
adherence of paint on aluminum can be obtained by suit- 
able cleaning and roughening of the aluminum surface. 
The blistering probably was due in most cases to the 
trapping of volatile matter, such as water or grease, in 
the pores of the casting before painting. Some trouble 
may also have resulted from the use of solder or the 
inclusion of welding or soldering flux beneath the paint. 
In spite of these difficulties, the majority of cast- 
aluminum bodies were satisfactory as regards painting. 
It is believed that such painting difficulties as those 
mentioned can be satisfactorily overcome and that the 
use of aluminum castings in bodies offers perhaps the 
best type of construction as regards quality. 

Hardware.—The appearance and the corrosion re- 
sistance of aluminum are responsible for its use in 
numerous parts such as radiator shells, radiator caps 
and ornaments, step-plates, hood-latches, door-handles, 
and clutch and brake-pedals. The best results are ob- 
tained with heat-treated wrought products, such as 
forgings, which are entirely free from pinholes and are 
harder than the usual casting. It is of interest in this 
connection to point out that, while the color of alumi- 
num does not match that of nickel, it is almost identical 
with that of the chromium-plating now coming into such 
extensive use. 

Commercial Vehicles ——At the present time keen in- 
terest is being shown in reducing the weight of motor- 
coaches, street-cars and trucks. The urge lies both in 
economy of operation and in the legal restrictions of 
maximum load, which are also based on economy. Much 
weight can be saved by the use of the high-strength 
aluminum products in frames and bodies. One interest- 
ing application is a shipping container for less-than- 
carload lots. Recent improvements in the arts of press- 
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AUTOMOTIVE DEVELOPMENT OF ALUMINUM 


ing, welding and riveting simplify the construction of 
this sort of equipment. 


EXPERIMENTAL ALUMINUM CAR 


P. B. Jackson has described in detail” the results of 
an interesting and original development in the auto- 
mobile field. While aluminum, mostly in the form of 
castings and sheet for bodies, has been used for several 
purposes almost from the inception of the automobile, 
a design aiming at the greatest weight-saving possible 
by the use of aluminum had never been attempted and, 
indeed, could not have been contemplated without the 
recent developments in aluminum alloys and fabricating 
processes. Under the engineering direction of Laurence 
H. Pomeroy, our company undertook such a develop- 
ment and several cars were built. The construction and 
the results obtained are described here in a general way. 

The chassis, which is of standard tread and has a 
wheelbase of 133 in., is powered with a six-cylinder 
L-head engine of 3%44-in. bore and 5-in. stroke and 


4#An Experimental Development in Light Weight Design, pre- 
sented by title at the 1927 Semi-Annual Meeting of the Society. 
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weighs 1800 lb. This represents a weight-saving over 
a corresponding chassis in iron and steel of about 1000 
lb. The body is of cast aluminum and involves no 
weight-saving over one of similar size and conventional 
construction. The engine, complete with standard elec- 
trical equipment, manifold and carbureier, weighs 452 
lb. This is slightly under 6 lb. per hp. as compared with 
8 to 10 lb. per hp. in engines using conventional ma- 
terials. The aluminum parts include crankcase, oil- 
pan, cylinder-head and cylinder-block, in addition to 
numerous small parts. The cylinder-block consists of 
an aluminum casting weighing approximately 40 lb. 
which incorporates the valve ports and water-jackets, 
as well as six barrels which are bored out to receive 
cast-iron cylinder-liners that are shrunk-in. 

The front-axle assembly, including a drop-forged 
aluminum-alloy I-beam section having spring seats and 
brake-shaft bearings forged integrally, weighs 21 lb. 
finished, which is slightly less than one-half the weight 
of corresponding steel parts for cars of this size. The 


brake support consists of an aluminum casting which 
also forms a cover over the brake-drum. This casting 





FURTHER EXAMPLES OF ALUMINUM PARTS FOR AUTOMOBILE AND AIRCRAFT USE 


Fig. 183—Sand-C Cylinder-Head of Heat-Treated 4-Per-Cent- 
Copper Alloy, Lynite 195-4, for an Aircraft Engine; Weight 64 
Lb. Fig. 14—Sand-Cast Water-Jacket Made of Heat-Treated 4- 
Per-Cent-Copper Alloy, Lynite 195.4, for an Aircraft Engine; 


Weight 42 Lb. Fig. 15—Sand-Cast Brake-Drums of Heat-Treated 
4-Per-Cent-Copper Alloy, Lynite 195-4, for Airplane Brakes. The 
Weights Are 4 and 11 Lb., Respectively, and the Cast-In Steel- 


Liner Should Be Noted. Fig. 16—Die-Cast Aluminum Brake-Shoe, 
Made of No. 73 Aluminum-Copper-Silicon Alloy, under a Test 
for Strength; the Weight of the Casting Being 0.81 Lb. Fig. 17 
—Die-Cast Aluminum Carbureter-Body of No. 13 Alloy Containing 
12 Per Cent of Silicon. This Is a Good Example of a Casting 
That Is Made in Two Parts, the Weight of Each Part, in This 
Being 0.51 and 0.62 Lb. 


Case, 


Respectively 
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carries the brake-cam, brake-shoes and pins. The de- 
sign is exceptionally clean and probably could not be 
duplicated in any other material without an enormous 
increase in weight, which would be impractical. 

Aluminum castings of rigid desigiu are used for the 
brake-shoes and, in addition to their lightness, have 
the advantage of a high coefficient of expansion which 
neutralizes the expansion of the brake-drum. There is 
every indication that the temperatures in brakes using 
aluminum drums and shoes are much lower than in con- 
ventional designs. The brake-drum is integral with a 
disc wheel, drop-forged in 51S alloy. Radial ribs support 
the brake-drum and make it exceptionally stiff and 
rigid, eliminating brake squeak. Here, as in many 
other instances, the thermal conductivity of the mate- 
rial aids greatly in the performance. A cast-iron liner 
providing a wearing surface for the brake-linings is 
pressed into place and held by rivets. The brake-liners 
are unusually narrow. The use of such narrow linings 
is made possible by the lightness of the car and results 
in more even distribution of pressure, which lessens the 
possibility of brake squeak as well as rapid wear and 
inconsistent functioning of the brakes. It is thus clear 
that decreased total-weight simplifies the braking prob- 
lem, although it does not noticeably affect the decelera- 
tion which can be attained. The front brake-drum with 
its liner weighs 27 lb. This replaces in the artillery- 
wheel assembly a brake-drum, hub, spokes and felloe 
which weigh about 70 lb. 

The rims, of a 21l-in. diameter, of the standard 4}»- 
in. Firestone section, are made from extruded aluminum 
alloy, heat-treated after forming. They weigh 7 lb. 
each as compared with 18 lb. for a steel rim of this size. 
The saving is sufficient to make it easy for a woman 
to place a tire and rim on the tire carrier. The non- 
rusting property of the rim is also of value. 

The front axle, complete with brake-drums, weighs 
130 lb. This is unsprung weight and gives the car ex- 
cellent riding-characteristics. The rear axle employs 
a large amount of aluminum and, complete with tires, 
rims, torque-tube and propeller-shaft, weighs 369 lb. 

The frame is made of 3/16-in. 51S-alloy sheet pressed 
in dies for a commercial steel-frame. The spring horns, 
spring brackets and engine supports are heat-treated 
aluminum-alloy castings riveted into the frame with 
steel rivets. The gasoline tank is of welded aluminum- 
sheet. It has a capacity of 18 gal. and weighs 12 lb. as 
compared with 30 lb. for a tank of similar capacity and 
design made of steel. A weight-saving of about 30 per 
cent is effected in the steering-column by the use of an 
aluminum outer tube, gearcase and steering-arm. The 
assembly weighs 29 lb. 

The substitution of aluminum for cast iron and steel 
in this car resulted in a weight-saving of about 50 per 
cent; that is, 1 lb. of aluminum replaced 2 lb. of another 
material. The effect of the total saving in weight on 
the performance of the car was inevitable. The com- 
bination of acceleration and economy attainable in a 
car of this type cannot be duplicated in a car of similar 
size made of steel and cast iron. 

FUTURE OF ALUMINUM IN AUTOMOTIVE INDUSTRY 

In the manufacture of aircraft an extensive use of 
aluminum alloys appears practically certain. In this 
field the cost of aluminum, or even of magnesium, is far 


1° M.S.A.E.—Chief engineer, Stewart-Warner Speedometer Cor- 
poration, Chicago. 
%*M.S.A.E Associate editor, Bus Transportation, Chicago 
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outweighed by advantages in operation. In passenger- 
cars, a definite trend toward increased use of aluminum 
seems to be under way. For several years the chief 
motive in their manufacture seemed to be reduction of 
cost, and to attain this end some aluminum was replaced 
by iron or steel. The automotive industry has itself 
furnished, however, the great economic lesson that a 
point can be reached at which further reduction of cost 
does not produce increased sales. The recent and 
present emphasis seems to be on performance, although 
cost is watched very closely. It is perhaps as a result 
of the present insistence of the public on performance 
that more aluminum is being used, as in the recently 
increased use of aluminum pistons. The experimental 
aluminum-car described has demonstrated very clearly 
that aluminum construction offers possibilities in the 
way of performance which are not attainable with steel. 

The saving in wieght attained by the use of aluminum 
results in operating economies due to saving of fuel, 
tires, and maintenance. This has not been considered 
very seriously by the average passenger-car user be- 
cause of the recent low prices for fuel and tires, the 
comparatively short period of ownership, and the fact 
that the buyer of a new car usually buys primarily for 
pleasure and does not pay much attention to operating 
costs. It is probable that fuel costs will increase and it 
is possible that, as the automobile becomes more stand- 
ardized, the average period of ownership may increase. 
Either factor would cause a buyer to pay more atten- 
tion to probable costs of operation and maintenance. 

In the operation of commercial vehicles such as mo- 
torcoaches, taxicabs, and motor-trucks, it seems that 
very real and important economies can be achieved by 
the extensive use of aluminum. In the case of the 
heavier vehicles there is also the consideration of the 
legal restrictions on maximum load on certain high- 
ways. These restrictions are merely another aspect of 
the principle of economy, since they represent the fact 
that it is cheaper for the general public to have lighter 
vehicles than to keep rebuilding roads to withstand 
heavy vehicles. In the case of vehicles which are oper- 
ated throughout their entire life by their original pur- 
chasers, or which are operated in large fleets, it is 
justifiable to attach some salvage value to the aluminum 
used. In brief, therefore, there now seems to be a very 
real tendency toward increased use of aluminum in 
automobile construction for the sake of improved per- 
formance, and it seems to be only a matter of time until 
the ultimate economy resulting from such use will be 
more fully realized. 


THE DISCUSSION 


CHAIRMAN F. G. WHITTINGTON”’:—How does _ the 
specific electrical resistance of forged aluminum-alloys 
compare with that of monel metal? 

R. S. ARCHER:—The specific resistance of aluminum 
alloys varies from 290 to 220 per cent of that of an- 
nealed copper, or 3.8 to 5.0 microhms per cm.’ at a tem- 
perature of 20 deg. cent. (68 deg. fahr.). The resis- 
tance is very much lower than that of monel metal, 
which has a resistivity of about 45 microhms per cm. 
at the foregoing temperature. 

R. E. PLIMPTON”:—Are there any examples of using 
aluminum for the structural parts of heavy-duty com- 
mercial chassis-frames? 

Mr. ARCHER:—There has been some such use 
motorcoaches. The Versare coach is an example. 
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QUESTION :—Is the piece heated when drop-forged, or D. P. BARNARD, 4TH” :—What would be the procedure 
is it forged cold? 


for repairing a bent axle or frame made of aluminum? 

P. B. JACKSON” :—The wreck of a car that had a cast- 
aluminum frame necessitated new side-members. With- 
in the range of ordinary wrecks that can be repaired, 
the 51SW-alloy frame-material can be straightened cold 
without injuring its physical properties. 


Mr. ARCHER:—The forging is done at a temperature 
of about 800 deg. fahr. After cooling to ordinary tem- 
perature the forging is reheated for heat-treatment. 

E. W. STEWART" :—How does the torsional strength 
of aluminum compare with that of other metals? 

Mr. ARCHER:—lIn general, the torsional strength W. A. MARTINS”:—Has a satisfactory process for 
roughly follows the tensile strength. In one series of welding cast, drawn, and forged aluminum been de- 
tests a cold-drawn steel rod had a tensile strength of veloped? 

95,000 lb. per sq. in. and a torsional strength of 64,000 Mr. ARCHER:—Both cast and wrought aluminum- 
lb. per sq. in. A 25S aluminum-alloy rod with a tensile products are successfully welded as a regular thing. 
strength of 60,000 lb. per sq. in. had a torsional strength It is not practicable to obtain the same strength with 
of about 50,000 lb. per sq. in. If the aluminum shaft the welded as with the unwelded strong-alloy parts. 
has a large outside diameter, then the aluminum is’ The same is true in general of heat-treated steel parts. 
stronger and stiffer for its weight, just as is true of Aluminum castings are repaired commercially by weld- 
beams of similar sections. I believe that a given tor- ing, and structures such as gasoline tanks are built up 
sional rigidity or torsional strength can be achieved of these strong wrought-alloys by welding. In gen- 
with less weight if aluminum is used than if steel is eral, however, mechanical joints, such as riveted or 
used, provided that any outside diameter desired can bolted joints, are more efficient for strong alloys. 
be employed. Hammered welded joints in 2S and 3S sheet approach 


1 M.S.A.E.—Sales manager, William D, Gibson Co., Chicago. the strength of the unwelded sheet. ' 
8 M.S.A.E.—Research engineer, engine laboratory, Standard Oil MR. MARTINS :—In building bodies of sheet aluminum, 
Co. of Indiana, Whiting, Ind. 


what process is employed to join the parts? 


Mr. ARCHER :—Welding is used to join the sheet parts 
of bodies. 


” MS.A.E.—Sales engineer, Aluminum Co. of America, Cleve- 
land 


* Fashion Automobile Station, Chicago. 





Oil Shale 


LL attempts to produce oil from oil shale fall into one per cent of a waxy material can be extracted with solvents. 


of two groups. They are made either for the purpose The oily materials are present as unknown complex com- 

of proving a new process or a new retort or combination pounds which are broken up—cracked—at the temperature 
method for removing the oil from the shale, or they are of retorting. The extent of this cracking depends on the 
started with the idea of actually producing large quanti- retorting method employed; and the character of the crude 
ties of shale oil to be sold in competition with petroleum. products obtained depends on the method, and also on the 

A certain amount of research and development work particular shale used. Crude shale-oil is generally a highly 
along the first line is of great value against the time when odorous, black, viscous material, rich in wax end lean in 
our petroleum reserves will have been reduced to a low’ gasoline. This crude oil is suitable charging for present 
point, and when the price of petroleum obtained from wells cracking processes and will produce at least 50 per cent of 
either in this Country or from South America or Asia be- high-grade gasoline with a good antiknock value. The av- 
comes excessive. In case of an eventual reduction in the erage yield of oil from the shale may be taken as 1 bbl. 
supply of domestic crude, a demonstrated, well-understood (42 gal.) per ton, or about one-half barrel of gasoline. 
and economic method for obtaining a substitute oil from Since crude shale-oil is so waxy and viscous that it can- 
our almost inexhaustible supply of oil shale would be of not be readily transported in pipe lines to distant centers 
the utmst importance in the time of a National emergency, of consumption or to tide water, it would be necessary to 
should our access to foreign sources of crude oil be closed. finish the cracking and refining near to the iocation of the 
However, our knowledge on this subject is already exten- shale deposits. 
sive from the 75-year-old Scotch oil-shale industry, from When it is recalled that for every barrel of gasoline pro- 
the many private experimental installations in this Coun- duced two tons of rock must be removed from the ground, 
try, and from the excellent work of both the United States crushed, screened, dried, retorted, the oil cracked and re- 
and the Canadian Bureaus of Mines. fined, and the large bulk of spent shale removed, the enor- 

However, today we have all the crude oil we require, and mous size of the operation necessary to replace only a small 
new producing areas are being located continually and it part of the gasoline which we now obtain by the treatment 
seems unlikely that any fundamental change will occur in of petroleum from wells can perhaps be conceived. The com- 
our petroleum industry in the near future which could plexity of the operation is the chief reason why shale oil 
make an oil-shale operation economically possible. cannot compete with crude petroleum at $1 or less per 

There is no oil as such in oil shale; in fact, less than 1 barrel.—From Bulletin of Arthur D. Little. 











By W. T. Donxrn’' 


A PAPER on Valve-Spring Surge,’ by Mr. Donkin 
and H. H. Clark, which was presented at the 
Semi-Annual Meeting of the Society in May, 1927, 
was presented during the last season by Mr. Donkin 
at Section meetings in Buffalo, Chicago and Milwau- 
kee. At a meeting of the Cleveland Section he deliv- 
ered a paper on Valve-Spring Design, part of which 
is printed herewith. The remainder was a duplica- 
tion of the Semi-Annual Meeting paper. At each of 
these Section meetings the subjects of valve-spring 
surge and valve-spring design were discussed. 
Some of the discussion was upon part of the orig- 
inal paper in which were compared two valve-springs, 


URING the early years of automobile manufac- 

ture, valve-springs did not cause much concern 

So many other problems held the attention of 

the engineer that he had little time to think of valve- 

springs. Each year, however, has brought the solution 

of some problem, and finally valve-spring functions have 

come under his searching eye. Another factor that has 

promoted the study of valve-spring action has been the 

steady increase in engine speed. The early engines 

were of relatively low speed, but each year has seen an 

increase of 100 to 200 r.p.m., which has finally brought 

the speed to a point at which correct operation of the 
engine depends on a correctly designed spring. 

Spring design goes back to the time of Hooke, who, 
in 1676, expounded the famous law that “in small 
strains of elastic bodies the stress is proportional to 
the strain.” Since that time other noted scientists have 
worked on elasticity, notably St. Venant and Love. 

Valve-springs, like other springs, obey certain laws 
and can be designed accordingly. The first item to be 
considered is the rate of the spring in pounds per inch, 
in order to find the loads with the valve closed and open. 
The load in pounds per inch of deflection can be ob- 
tained from the formula 

_Rr = Gd‘/8D°N (1) 
where 
Rr = rate, in pounds per inch of deflection 
G = torsional modulus of elasticity, 12,000,000 Ib. 
per sq. in. 
D = mean diameter of spring, in inches 
N = number of active coils 


After determining the rate, it would be well to check 
up the stress by the formula 
S = 8PD/rd (2) 
where 
S = stress, in pounds per inch 
P = load, in pounds 
D = mean diameter of spring, in inches 
d = wire diameter, in inches 
Experience has set a value of about 60,000 lb. per sq. 
in. for the maximum stress and 25,000 lb. per sq. in. as 


A.S.M.E.—Engineer, Cleveland Wire Spring Co., Cleveland 
2See THE JOURNAL. June, 1927, p. 722, for the paper; and 
September, 1927, p. 243, for the discussion 
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the original design vibrating noisily and the improved 
design being satisfactory. The redesigned spring 
was smaller and the material was subject to higher 
apparent stress, according to static formulas, but it 
was less liable to breakage and was subject to lower 
actual stress because free from the surging that 
caused more than the calculated static stress in the 
original spring. 

Several of the discussers confirmed points in the 
paper, and additional information was contributed on 
multiple and concentric springs and on methods of 
testing. Discussion at the various Section meetings 
is included herewith. 


the maximum stress-range. There is a tendency today 
to treat the stress-range as being unimportant, yet tests 
and experience tend to show that stress-range is really 
more important than the maximum stress, up to the 
elastic limit. Diagnosis of the reason for this shows 
that, with a high stress-range, the material is put 
through a large angle of twist which tends to fatigue 
it quickly and open up any discontinuity in the metal, 
causing early failure. Therefore, high maximum-stress 
with a low stress-range is much less destructive, as the 
material is worked only slightly with each successive 
compression. 


MATERIALS AND HEAT-TREATMENTS COMPARED 


Material and heat-treatment also must be considered 
in valve-spring design. It used to be common practice 
to make valve-springs from oil-tempered spring-wire. 
With the development of alloy steel the call arose for 
alloy-steel springs. The spring manufacturer naturally 
used the same continuous heat-treating process he had 
used on carbon-steel springs. The expected results were 
not obtained with the new steel and the old type of heat- 
treatment. Tests during a 5-year period show that 
springs made from soft wire, heat-treated after coiling, 
are far superior to springs coiled from heat-treated 
wire. Averages of life-tests of springs give the follow- 
ing as the comparative values of springs of different 
types: 


(1) Carbon steel, heat-treated before winding 1.0 

(2) Electric-furnace chromium-vanadium _ steel, 
heat-treated before winding 0.9 

3) Carbon steel, heat-treated after winding 5.0 
Electric-furnace chromium-vanadium _ steel, 
heat-treated after winding 10.0 


To those who are looking for the best, we therefore 
recommend an _ electric-furnace chromium-vanadium 
steel that is heat-treated after winding. Where price 
is a consideration, we believe that the results secured 
from a carbon steel that is heat-treated after coiling 
more than offset the slight increase in price due to the 
method of treatment. 

Even though extreme care is taken with the material, 
heat-treatment and design, failure may sometimes be 
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encountered after comparatively short service. Fail- 
ures of this sort have been traced to the resonance be- 
tween the natural frequency of the spring and the 
frequency of the forced vibration from the camshaft. 
Any force tends to set up a wave motion in the spring, 
the wave length of which depends upon the natural 
frequency of the spring. When the forced vibration is 
of such a frequency that its wave length is a simple 
multiple of the free wave-length of the spring, a condi- 
tion of resonance may be created. If the wave length 
is long and is such that an integral number of the free 
wave-lengths of the spring are completed during one 
cycle of the valve, the applications of the force will be 
in phase, and the resulting wave-motion in the spring 
will be cumulative and resonant. Ricardo has offered 
a convenient formula for calculating the natural fre- 
quency of a spring. Ricardo’s formula is 

N = 531V (R/W) (3) 


THE DISCUSSION 


M. R. WELLS’ :—During the World War the company 
with which I was connected had much trouble with 
valve-spring breakage, almost invariably within the two 
coils at the end of the spring. To study that, I removed 
everything except valves, springs and camshaft from 
the eight-cylinder engine and mounted a pulley on the 
camshaft. It was possible to see the vibration of the 
springs, and we tested springs of different designs day 
and night to determine their life. 

To my surprise, we seemed to find that the higher 
the stress was in a spring, the better results we got 
from it; and the wider the range of stress, the worse 
were the results; just as Mr. Donkin reported. Alloy- 
steel springs of the same design seemed to have shorter 
life than those of carbon steel. 

At that time much of the trouble may have been due 
to the poor quality of wire available, much of it being 
seamy stock. One of the spring makers suggested a 
good test for seamy stock. This was to heat either a 
spring or a piece of the wire to a bright red and then 
quench it in oil. This would tend to open wider any 
seams in the steel. If the wire is broken, in this hard 
condition, the fracture will follow any seams and show 
a decidedly cracked surface. A seam is sometimes made 
clearer if the wire is soaked in gasoline. It is neces- 
sary to wrap the wire or take other precautions against 
flying pieces when it is broken. It is also necessary to 
quench in oil rather than in water, because water- 
quenching from such a heat often will start seams in 
wire that is not already defective. 

One point not covered by Mr. Donkin is the twisting 
that occurs at the lower end of the spring as it is com- 
pressed and released. There seems to be some evidence 
that this twisting action has much to do with the break- 
age. I believe that Mr. Donkin originated a spring with 
a decreased pitch in the end coils to overcome the 
Sshimmying. Has this design been tested by the method 
shown by him? 

W. T. DoONKIN:—We also have noticed a tendency in 
the spring and the valve to rotate during the critical 
period; and we believe that this should be of interest to 


°M.S.A.E Research enginee. Cleveland. 


*M.S.A.E.—Research engineer, White Motor Co., Cleveland. 


where 
N = complete number of free vibrations per minute 
of the spring 
R = rate of spring, in pounds per inch 
W = weight of the active mass of the 


spring, in 
pounds 


Because of the slight differences in wire gage and 
pitch diameter of the springs and the number of active 
coils, two springs seldom have identical natural fre- 
quencies. If the design is good, however, all springs 
designed for the same frequency will surge within a few 
vibrations per minute of each other. Hence the for- 
mula is valuable for comparison. 

If the vibration within the spring is excessive it 
may cause the valve to float open, and thus impede the 
operation of the engine and cause excessive hum and 
noise. In all cases it causes a building-up of stress 
which is destructive to the life of the spring. 


AT CLEVELAND 


the valve maker, because it causes the valve to seat with 
a rapid rotating-motion. 

The end coils of the spring are given a very great 
range of stress. In the variable-pitch spring we thought 
we had a cure-all for valve-spring surge; it limits the 
stress that can be put on the end coils and in several 
cases it has worked very nicely, but it is not a cure-all. 

Mr. WELLS:—A man who was making door checks 
had trouble with spring breakage. He made a mecha- 
nism to operate the spring through its regular operat- 
ing cycle at a good rate, designed to give a test cor- 
responding to 50 or 60 years of actual service in about 
1 day. Springs of a design that proved satisfactory in 
this test failed in great numbers in service. Can Mr. 
Donkin explain this? 

Mr. DONKIN:—lIf the failures occurred in very cold 
weather, that might explain the trouble; otherwise, I 
cannot explain it unless there were defects in the wire. 

CHAIRMAN FERDINAND JEHLE‘:—One of my former 
professors used to say; “Practice and theory always 
agree. They cannot disagree, but it is necessary to 
choose the right theory.” It is not in accordance with 
the laws of the strength of materials that parts worked 
to nigher stress-ranges will last longer than parts less 
severely worked if made from the same material. We 
must modify the statement by saying that the parts 
are worked to a higher apparent stress. From Mr. 
Donkin’s pictures there is no doubt that the spring 
which failed first actually did work through a greater 
stress-range and at a higher stress. I am sorry that 
Mr. Donkin did not take a motion picture showing his 
machine operating at a speed gradually falling from 
1500 r.p.m., to show how the vibration periods come and 
go as the speed drops. 

It usually is considered good practice to make the 
period of spring surge as high as possible. I have tested 
springs in the laboratory and pronounced them good; 
and the road-test man would say that they were not 
good, as he could not use them at a speed beyond 85 
m.p.h., or some such useless figure. Perhaps this was 
a spring that had no bad surge at less than 1800 r.p.m., 
while a spring that he called better would surge badly 
at 900 r.p.m. It seems that, if a surge period comes 
at say 50 r.p.m. below the engine speed corresponding 
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to the maximum car-speed on a level road, the power 
of the engine will be reduced so that the maximum speed 
cannot be attained. If the surge point is at a consider- 
ably lower speed,-the engine has power enough to drive 
through it. 
CONCENTRIC SPRINGS MAy HELP 

A MEMBER:—Sometimes I have eliminated trouble 
by the use of two springs, one inside the other. It is 
much easier to handle the greater number of small vi- 
bration-periods that result from this. 

CHAIRMAN JEHLE:—Will the vibrations of 
centric springs neutralize each other? 

Mr. WELLS:—Not unless the springs touch each 
other. Each spring has its critical period, the same as 
a single spring, and I have seen cases in which a single 
spring performed much better than two springs. 

Mr. DONKIN:—I agree with Mr. Wells. The critical 
periods may come at different speeds, but if both 
springs surge at the same speed the result is very un- 
satisfactory. 

P. F. HACKETHAL’:—What about the multiple spring 
used in aviation engines? 

Mr. DONKIN:—I have had no experience with that 
type of spring, but it has been said that if one spring is 
broken the others will break also. 

Mr. WELLS :—That may be true in an airplane, but it 


two con- 


August, 1928 No. 2 
» JOURNAL 


is not always so. 


The breaking of the first spring may 
give warning that will allow the driver to get home at 


reduced speed. Incidentally, with two springs or with 
multiple springs, the twisting difficulty can be partly 
overcome if the spirals are in opposite directions. 

ROBERT JARDINE’ :—The twisting action will be harm- 
ful to both the valve and its seat if it becomes excessive, 
but a slight amount of twisting is beneficial in secur- 
ing uniform cooling. 

Mr. DONKIN:—I talked with a man recently who said 
that valve-seat trouble had been absolutely stopped in 
certain motorcoaches by redesigning the springs. Some 
of the old springs were broken every week, and the 
coaches with the new springs have given more than 5 
months of service without a broken valve-spring or 
trouble with the valve seats. 

Mr. JARDINE:—When valve-spring surge occurs on a 
motorcoach within its usual speed-range, the valves get 
very hot. There is no adequate way of dissipating the 
heat from a bouncing valve. Sometimes the cylinder- 
block will show annealing as evidenced by absence of 
combined carbon at the valve seat to a depth of about 
9.01 in. The resulting wear seems to be due both to 
the twisting action, as shown by gouge marks around 
the seat with little particles of hard material present in 
the valve seat, and to washing away the cast iron pde- 
cause of the excessive heat. 


THE DISCUSSION AT BUFFALO 


CHAIRMAN W. R. GORDON’ :—In redesigning a valve- 
spring as described in his paper, Mr. Donkin obviously 
has increased the stress on the material, since there is 
less metal to carry the imposed load. What are the 
heat-treatment and elastic limit of the material used 
for this spring? The valve-spring is the most highly 
stressed part of an automobile and is subject to the 
worst operating conditions. Is there any way to avoid 


periodic vibration by using a double spring, one damp- 


ing the other? 

Mr. DONKIN:—It is true that the apparent stress 
of the spring has been increased from 41,200 lb. in the 
old design to 57,000 lb. per sq. in. in the new design; 
also, the stress-range was increased from 15,000 to 
25,000 lb. per sq. in. However, the motion pictures 
show that at times the adjacent coils of the old spring 
came into contact with each other, indicating a stress 
of 69,000 lb. per sq. in. Measurements from the pic- 
tures showed an opening that indicates a stress range 
of 56,000 Ib. per sq. in. in the original spring. In re- 
ality, the maximum stress was lowered in the rede- 
signed spring by eliminating or reducing the surge. 
Whereas springs of the original design would break af- 
ter 1% hr. of service at 1400 r.p.m., the redesigned 
spring gave no trouble. 

We have tried linking springs, sometimes by placing 


5’ M.S.A.E.—Chief engineer, Duroseal Corporation, Cleveland. 

* M.S.A.E.—Chief engineer, Rich Tool Co., Detroit. 
*M.S.A.E.—Sales engineer, Pierce-Arrow Motor Car Co., Buffalo. 
*M.S.A.E.—Engineer, Vacuum Oil Co., New York City. 


* M.S.A.E.—Chief 
Ine., Buffalo. 


draftsman, Curtis Aeroplane & Motor Co., 


a retainer between two springs so that they work in 
series, one partly inside the other. The aim was to 
make the springs work separately, so that each would 
counteract the surge periods of the other. We did not 
get good results from this, but I think the idea has pos- 
sibilities. 

E. W. KIMBALL’:—Are not some spring breakages 
due to dirty dies and other defects entering in the draw- 
ing of the wire? 

Mr. DONKIN:—Without question, surface defects 
that we formerly thought negligible are important in a 
highly stressed spring. We now examine a sample from 
each end of the coil by deep etching with a 50-per cent 
solution of hydrochloric acid, removing about 0.002 in. 
of the diameter, and examine it through a microscope 
that magnifies about 10 times. When we began this 
investigation we were surprised by the seams, checks 
and slivers we found. During the last 3 years we have 
made our requirements for wire as it comes from the 
mill considerably more exacting. We have procured 
wire from Germany, Sweden and England, but we find 
that the American product is better than the European. 

GUSTAF CARVELLI’:—What are the relative merits of 
straight and conical springs? 


STRAIGHT SPRINGS ARE PREFERRED 


Mr. DONKIN:—We have thoroughly investigated 
straight, conical and barrel-shaped springs. The bar- 
rel shape is the opposite of what we recommend, be- 
cause the center coils are,of larger diameter, increasing 
the mass. The larger diameter makes the spring softer, 
the rate lower and the frequency lower. The idea of 
the barrel spring was to avoid concentrated stresses in 
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the end coil. Conical springs are in the same class. 
We are working with springs of conventional type only, 
and find that a spring of small diameter is always to be 
preferred to one having a large diameter. That is con- 
trary to the old ideas of spring makers, but the small- 
diameter spring gives less surge. 

Mr. CARVELLI:—I understand that mud-blasting is 
better than etching for the examination of wire. The 
use of hydrochloric acid is too expensive. 

We have had trouble with the heat-treating of chro- 
mium-vanadium steel. We have had better results with 
music-wire, the tensile strength of which is between 
275,000 and 300,000 lb. per sq. in. I understand that 
this wire is made in America, from Swedish carbon- 
steel. 

Mr. DONKIN:—We cannot test every spring but we 
do test many of them. Some defective springs may es- 
cape, but the percentage has been very greatly reduced. 
In drawing music-wire, it is worked practically to its 
ultimate strength, and the microscope shows the longi- 
tudinal flow of the metal. We have had both the best 
and the poorest results with music-wire, and we require 
our springs to be uniform. The old method of heat- 
treating was to heat the springs on pans in a box-type 
furnace. In quenching they were picked up on a rod, 
and that would chill portions of the spring. 


HEAT-TREATING COILED SPRINGS 


We have designed a continuous furnace in which the 
springs are placed on trays which pass through two 
stages of heat and then tilt to a 45-deg. angle to dump 
the springs into an oil quench without coming into the 
open air. The springs then go through a washing- 
machine and are drawn for about 35 min. at about 700 
deg. fahr. We believe that this method of heat-treating 
produces a better spring than the old method. Recently 
we secured about 5000 lb. of Swedish wire and had to 
reject all of it because it was seamy. We also have had 
springs made in Sweden, and their life-test at 3000 
r.p.m. was 8 hr. We require that our springs give 30 
hr. on this test, and we have had springs made from 
American wire that have lasted 500 hr. 

A MEMBER:—I think most of the defects are due to 
the hair-line seams. 

Mr. DONKIN:—I think that is true. When we began 
to etch wire we found about 30 per cent of it seamy, 
and we traced the trouble back to the mill. We have 
tried cutting up whole coils of wire to find hair-lines. 
Etching the end of the wire uncovers 90 per cent of the 
defects. Die-scratched wire gives very poor results, an 
average of about 10 hr. on our life-tests. 

CHAIRMAN GORDON :—Does the heat-treatment affect 
the period of surge? 

Mr. DONKIN :—No. 

A. F. CARLSON” :—Does the Government or do avia- 
tion-engine manufacturers require special tests on valve- 
springs for transoceanic planes that are to fly 30 to 45 
hr.? 

Mr. DONKIN:—Aircraft engines generally run at 


” M.S.A.E.—Assistant body engineer, Pierce-Arrow Motor Car 
Co., Buffalo. 

1 A.S.A.E.—Engineering and sales, Buffalo Gasoline Motor Co., 
Buffalo. 

2 M.S.A.E.—Passenger-car engineer, Pierce-Arrow Motor Car 
Co., Buffalo. 





lower maximum-speed than automobile engines; I think 
the speed of the Wright J-5 engine is about 1800 r.p.m. 
This probably makes the design much easier; however, 
| believe two or three springs are used on the Wright 
engine for safety. 

Mr. CARVELLI:—When the Wright engine established 
the endurance record of 51 hr., it was running at about 
1300 r.p.m., I believe. The aeronautic specifications of 
the Army and Navy call for a 50-hr. test, 45 hr. at 90- 
per cent and 5 hr. at 100-per cent load. Many aero- 
nautic engines now run at 2000 to 2500 r.p.m. I believe 
that few cars would stand up for 50 hr. at 50 m.p.h. 

Mr. DONKIN:—We have made springs that would 
operate continuously for 500 hr. at 3000 r.p.m. Opera- 
tion at constant speed is a much easier problem than at 
variable speed. 

W. E. JOHN” :—Can we expect a spring maker to pro- 
duce springs that will last 750 hr. at from 1000 to 
1400 r.p.m.? 

Mr. DONKIN :—I think we can. 


ROLLER LIFTERS FOR HEAVY SPRINGS 


CHARLES PLEUTHNER’ :—According to my experience, 
it is necessary to use roller-type push-rods with heavy - 
springs. What has been Mr. Donkin’s experience as to 
that? 

Mr. DONKIN:—Our tests have been with mushroom- 
type push-rods, and we have not studied that point. 

Mr. JOHN:—The roller-type valve-push-rod provides 
a larger bearing-surface and will give better service 
than the mushroom type, with good lubrication. At the 
point of the cam, with a mushroom-type push-rod, the 
lubricant is forced out and wear results. 

QUESTION :—What is the analysis of the steel used? 

Mr. DONKIN:—We use S.A.E. No. 6150 steel. With 
'g-in. wire, the heating period is about 12 min. and 
the drawing about 20 min. With 3/16-in. wire, the 
heating is 18 to 20 min. and the drawing about 40 min. 

Mr. CARVELLI:—I understand that Colonel Lindbergh 
hac a broken valve-spring in Washington; valve-spring 
breakage is not uncommon in aircraft. 

Mr. DONKIN:—Springs will fail because of rusting. 
This can be prevented easily by rust-proofing by cad- 
mium-plating, avoiding many breakages that are caused 
by rust. 

Mr. CARLSON :—Is it possible that some of the fail- 
ures in transatlantic flights were caused by valve-spring 
breakage? 

Mr. CARVELLI:—I cannot say. On some aircraft en- 
gines sets of seven or nine valve-springs are used for 
each valve, and a safety lock is provided to keep the 
valve from striking the piston if the springs break. 
Flight may still be possible with one or two cylinders 
missing. 

Mr. JOHN:—If one of these multiple springs breaks, 
the pressure on the valve is released. According to my 
experience, the most common cause of a valve dropping 
into the cylinder is breakage at the end of the valve- 
stem. 

Where space is limited, is length or diameter of the 
spring more important? 

Mr. DONKIN:—A certain minimum length is neces- 


sary for a spring. The diameter can be varied, but not 
the length. 


































































Vol. XXIII 








166 


THE DISCUSSION 


J. C. SLONNEGER':—While using an oscilloscope in 
studying crankshafts, | made some observations of 
valve-spring surge. The normal camshaft speed was 
500 r.p.m. and the period of the spring was 5509 per 
min., that is, 11 oscillations per revolution of the cam- 
shaft. In this instance, the oscillation of the spring 
synchronized with the cam movement so that the mo- 
tion imparted by the cam aided in building up the oscil- 
lation of the spring. At other than critical speeds the 
oscillation was not so bad. I also discovered that a 
small object such as the eraser on the end of a lead pen- 
cil would damp out the oscillation easily if placed 
against the spring. 

W. G. CAREINS*:—Remarkable results are reported 
on racing cars with springs having a variable lead. 
What effect has valve-spring surge on the engine op- 
eration aside from spring breakage? 

Mr. DONKIN :—We have made a number of variable- 
lead springs, in which some of the coils are closed when 
the spring is compressed. Most of the racing-engine 
springs have also a rather low stress-range. The gen- 
eral tendency is for springs with uniform pitch to 
break near the fixed support. The idea of the variable- 
pitch spring was to cushion the effect at that end, and 
it has met with a fair degree of success. When a spring 
is surging violently, the valve is thrown open and there 
is a tendency for it to burn. There is also a tendency 
for the whole valve-mechanism to twist rapidly so that 
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the valve seats with an abnormal rotary motion and digs 
into the seat. Surging also makes the push-rod leave 
the cam; and, if the timing is such that it strikes the 
cam always at the same place, there will be trouble 
from worn cams. 

QUESTION :—Have any experiments been made to find 
whether the spring will vibrate in a bath of oil? 

Mr. DONKIN:—I think that such a bath would damp 
the vibrations, but it would be a rather clumsy arrange- 
ment and I believe that the problem can be solved more 
simply. I do not know that anyone has ever tried it. 

Mr. SLONNEGER:—What are the comparative results 
with multiple springs and laminated springs? 

Mr. DONKIN:—Most of my experience with such 
springs has been on a small airplane-engine which has 
seven springs in a circle around the valve-stem. The 
springs are small in diameter and are made from small 
music-wire. The assembly is costly and so very noisy 
that it would not be acceptable on an automobile. In- 
side retainers are necessary to prevent the springs from 
buckling, and these cause the noise. The objection to 
laminated springs is that they require too much room. 

J. R. THONGER” :—Laminated springs have been used 
on racing-motorcycle engines and they operate well up 
to 6000 r.p.m., although the mass is greater than that 
of coil springs. These springs have been replaced first 
by multiple springs in a circle, and more recently by 
concentric springs. 


THE DISCUSSION AT CHICAGO 


O. W. YOUNG”:—Do the periods come in and go out 
with a small change in speed? 

Mr. DONKIN :—At low speeds a change of 5 r.p.m. is 
sufficient to eliminate a period, but at high speeds the 
ranges are prolonged so that it seems impossible to 
eliminate one period before another comes in. Former- 
ly, spring makers were not able to give good service in 
sonnection with design of valve-springs.. A few years 
ago we conceived the idea of having the engine manu- 
facturer submit his valve train for us to work with in 
developing the spring, as each mechanism seems to have 
its own peculiarities. We have found no sure way of 
designing a spring without trial. 

A. W. SCARRATT":—On Packard aeronautic engines 
are not banks of seven springs used in place of single 
or compound springs? 

Mr. DONKIN :—Yes, one Packard engine uses a cluster 


of seven springs and another uses a cluster of ten. This 
18 M.S.A.E.—Technical advisor, International Harvester C« 
Milwaukee. 
14 M.S.A.E.—Assistant engineer, Nash Motors Co., Kenosha, Wis. 
% Beaver Mfg. Co., Milwaukee 
16 M.S.A.E.—Assistant manager, Western division, Hyatt Roller 
Bearing Co., Chicago. 
7 M.S.A.E.—Chief engineer in charge of motor-trucks, Inter- 


national Harvester Co., Chicago 





was done to eliminate trouble from valve-spring break- 
age. Packard cars now are equipped with a new double 
spring, one wound inside the other, with metal retainers 
at the end. These springs have a high period and a 
high rate. The one trouble we found with springs of 
this type when we worked with them was breakage from 
bending stresses where the ends enter the retainers. 
We do not know how that has been eliminated in the 
Packard springs. 

A VISITOR:—A valve-in-head engine that had been 
used about a year developed a surge at about 13,000 
miles and was returned to us after running another 
1000 miles. The surge occurred at about 45 m.p.h., or 
2200 r.p.m. We changed successively the springs, the 
camshaft and the entire cylinder-head. The trouble 
was not corrected until the fourth cylinder-head was 
applied. They were all standard-production heads with 
overhead valves, and I can see no reason why the trouble 
was eliminated with one head and not with another. 
The valve push-rods also were changed. 

Mr. DONKIN:—With overhead valves we have dis- 
covered that the valve push-rod has a period that may 
cause vibration in the spring. We cannot cure this 
trouble by changing the spring, but we can cure it by 
changing the push-rod. 
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Spectroscopic Study of Fuels and 
Analysis of Detonation Theories 


By Dr. Grorce L. CLARK! 


CHicaco SECTION PAPER 


N two papers already published, the method of 

studying the combustion of fuels in an internal- 

combustion engine by means of the ultraviolet 
spectra of the flames has been presented. In the ex- 
periments reported, a small quartz window is mounted 
in the cylinder of the engine and the radiation emitted 
is analyzed by means of a photographic quartz-prism 
spectograph. This fundamentally scientific method, 
applied to the problems of detonation and its control, 
has yielded some interesting 
and valuable items of in- 
formation, of which the 
following are of especial im- 
portance: 

(1) Combustion, explosion 
and detonation are clearly dis- 
tinguished by the spectra of 
radiation in the ultraviolet. 
In detonation or “knock” the 
spectra run down into the ul- 
traviolet as far as 2200 Ang- 
strém units. 

(2) Knock suppressors such 
as lead tetraethyl absorb radi- 
ation in the far ultraviolet 
and invariably shorten’ the 
spectra, while knock inducers 
tend to accentuate short-wave 
radiation. 

(3) Radiation accompany- 
ing detonation is emitted dur- 
ing practically the entire first 
two quarters of the engine 
stroke, whereas the spectra 
have the same length and in- 
tensity for all four quarters 
of the stroke when the engine 
is operating without knock in 
the presence of detonation suppressors. Lead tetraethyl, 
iodine and aniline, though differing widely in chemical 
nature, act alike in this respect. 

(4) The emission spectrum lines of lead, which appear 
when the fuel contains only the slightest trace of lead 
tetraethyl, are not usually evident after the first quarter 
of the engine stroke, indicating that the action of the 
compound in suppressing detonation occurs very early in 
the oxidation reaction. 


viously presented by 


cated. 


INDICATES KIND, NoT INTENSITY, OF REACTION 


As all the results indicate that the ultraviolet spectra 


1Professor of chemistry, University of Illinois, Urbana, Ill. 
Part of this work was carried on at the Massachusetts Institute 
of Technology, with the assistance of C. L. A. Wynd and H. F. 
Haase. 

See THE JOURNAL, February, 1927, p. 291; and Industrial and 
Engineering Chemistry, May, 1926, p. 528. 

One Angstrém unit=—0.0000001 em. (0.0000003937 in.). 


This paper reports continuation, along one 
line, of experiments described in a paper’ pre- 
Dr. Clark, Robert H. 
Aborn and Elmer W. Brugmann at the Annual 
Meeting of the Society in 1927. 

Samples of a number of different commercial 
gasolines were examined by means of the ultra- 
violet spectra of their detonation flames. 
study yielded interesting and valuable informa- 
tion in regard to combustion, explosion and det- 
onation; the action of detonation was studied, 
and complicated momentary reactions are indi- 


Dr. Clark has made a list of 12 theories of 
the action of knock suppressors giving the pro 
and con evidence in connection with each. He 
concludes that no single theory yet propounded 
seems entirely satisfactory; and he names three 
types of detonation, accounting for the com- 
plexity of the problem. 

In addition to the paper, as given here, Dr. 
Clark repeated at the Section meeting much of 
the material of the 1927 Annual-Meeting paper 
to which reference is made. 
therefore is partly on his previous paper. 





16 


Illustrated with Cuarr 





are very sensitive in indicating the kind of reaction, 
rather than the intensity of a given type, the state- 
ment has been expressly made that the observed phe- 
nomena, particularly the length of the spectra, do not 
necessarily indicate the efficiency of various brands of 
gasoline. However, it has seemed of interest to com- 
pare a series of 13 brands of gasoline to ascertain 
whether they might be graded according to knocking 
tendency from the spectra of the detonation flames in 
a single-cylinder Delco en- 
gine. To make the compari- 
sons complete, the knock 
was measured in each case 
with a Midgley bouncing- 
pin, and data on the consti- 
tution and distillation were 
available. 

The engine was run under 
such conditions that even 
the best of the fuels pro- 
duced a measurable detona- 
tion; hence, the experiments 
measure degree rather than 
kind of oxidation reaction. 
The constancy of operation 
of the engine was fully as 
dependable as in the runs 
reported in the preceding 
paper. Photographed spec- 
tra from the tests are re- 
produced in Fig. 1, together 
with the data on knock as 
measured with the Midgley 
indicator, the average tem- 
perature-reading in milli- 
volts, the load in watts, and 
the revolutions per minute of the engine. Typical data, 
obtained on sample J by photographing the radiation 
during the first and second halves of the engine stroke, 
are presented in Table 1. The data and spectra are ar- 
ranged in the order of increasing knock, measured under 
the same conditions. In Table 2 are given the constitu- 
tion, break-up and distillation data of the fuels, ar- 
ranged in the same order as in Fig. 1. A study of Fig. 
1 and Table 2 reveals the following facts: 


This 


The discussion 


(1) With the exception of sample C, which contains lead 
tetraethyl, the successive spectra, particularly for the first 
half of the stroke, are not widely different in structure or 
extension into the far ultraviolet (about 2500 Angstrém 
units), illustrating the fact that detonation in all but the 
single case is a common chemical reaction, and that a strict 
rating of fuels when all are detonating is not directly pos- 
sible. This seems to indicate that the detonation is asso- 
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ciated with a secondary compression-wave, and not di- 
rectly with the flame and the oxidation reaction which pro- 
duces it. 

(2) All the fuels except samples L, C and D are distin- 
guished by a large difference in flame spectra between the 
first and second halves of the strokes, in that the latter 
spectra are far shorter (3500 Angstrém units) and less 
intense than those for the first half (2500 Angstrém units). 
In general, the detonation is stronger as the difference is 
greater, which indicates that most of the energy is liberated 
at the beginning of the reaction. It is a remarkable fact 
that the three fuels which are not purely hydrocarbons are 
clearly differentiated. Sample L is made from sample M, 
65 per cent, and alcohol, 35 per cent; D is 60 per cent M 
and 40 per cent benzene; and C contains Pb(C.H:).. With 
these samples the second-half spectrum extends to the 
steam lines at \* 3064, and even beyond. Even though these 
fuels are knocking, the addition agents are exercising a 
strong effect in equalizing the reaction throughout the 
stroke. For sample C, the first and second spectra are iden- 
tical in length and structure, the only difference lying in 
the weaker intensity for the second half of the stroke. 
Separate experiments have demonstrated that, as the en- 
gine is operated so that there is less and less knock, this 
weaker spectrum becomes more and more intense until, in 
the ideal condition of immeasurable knock, the first and 
second spectra are identical in intensity as well as in struc- 
ture and wave-length range. In other words, the reaction 
proceeds uniformly from beginning to end of the stroke. 
Spectra L, C and D are further distinguished by the fact 
that the absorption (dark) bands and lines appearing 
principally between 3600 and 3900 Angstrém units for all 
other fuels in the second-half-stroke spectra are not pres- 
ent. The full significance of this fact cannot be fully un- 
derstood until the bands are measured, although a different 
mechanism is indicated. 

(3) For sample L, which knocked least, the first-half- 
stroke spectrum runs as far into the ultraviolet as for any 
other more strongly detonating fuel, if not farther. This 
spectrum appears to be continuous, as it might be from any 
intensely hot flame. As a matter of fact, this alcohol fuel 
does burn with a hotter flame than the other fuels, and it 
was quite difficult to control the temperature of the engine. 
The benzene fuel D produced a much cooler reaction. The 


4\—wave length in Angstrém units or alcohol, are intermediate in their detonation. The spec- 
TABLE 1—COMPLETE DATA-SHEET FROM A REPRESENTATIVE RUN 
Sample J—First Half of Stroke Sample J—Last Half of Stroke 

Time, Engine Speed, Engine Speed, 

Min. Voits Amperes R.P.M. Knock’ Volts Amperes R.P.M. Knock 
0 78.8 10.3 1,020 2.55 82.0 10.5 1,040 2.65 
5 79.0 10.4 1,020 2.67 80.5 10.2 1,020 “Bye - 

10 79.5 10.5 1,040 2.74 80.2 10.2 1,030 2.73 

15 79.0 10.4 1,040 2.75 80.2 10.25 1,030 2.75 

20 79.3 10.45 1,045 2.73 80.1 10.3 1,030 2.75 

25 79.3 10.45 1,055 » Oy 80.8 10.35 1,040 2.60 

30 79.3 10.45 1,050 2.80 79.8 10.15 1,020 2.7 

35 79.3 10.4 1,050 2.78 79.8 10.15 1,030 2.76 

40 78.7 10.4 1,055 2.83 79.0 10.0 1,030 2.73 

45 78.7 10.35 1,050 2.80 77.0 9.8 1,010 2.42 

50 78.7 10.4 1,060 2.83 76.0 9.5 1,000 2.68 

55 78.5 10.35 1,050 2.82 77.0 9.65 1,030 2.75 

60 78.5 10.35 1,060 2.83 77.3 9.8 1,040 othe 

65 78.5 10.35 1,060 2.80 78.7 9.95 1,050 2.74 

70 78.2 10.35 1,055 2.82 78.0 10.0 1,040 2.76 

75 78.2 10.3 1,060 2.80 717.5 9.9 1,030 2:73 

80 78.0 10.3 1,055 2.83 77.5 9.9 1,030 2.70 

85 78.0 10.25 1,060 2.86 76.5 9.8 1,020 y Re 

90 78.0 10.25 1,060 2.88 76.5 9.8 1,020 2.70 

Averages 78.7 10.37 1,050 2.84 78.7 10.01 1,028 rg 

Load, 816 watts. 788 watts ' 

Note—The temperature was controlled with the help of a very sensitive thermocouple and was kept constant during all comparative 


runs. The total variation during the sample-J runs was from 11 





’The knock was measured by the 
centimeters per minute. 


Midgley bouncing-pin 


method. 


TABLE 2—CONSTITUTION, BREAK-UP, AND DISTILLATION DATA 
OF THE FUELS STUDIED 


Break-Up 
Saturated Distillation, 
Unsaturated Hydro- Percentage at 

Olefins, Naphthenes, carbons, Deg. Fahr. 
Per Cent Per Cent Per Cent 221 284 392 
L’ 38.3 33.3 28.4 60.5 74.0 96.5 
C RA 65.4 22.9 26.5 52.0 92.0 
A 18.3 65.4 16.3 28.0 48.0 93.0 
B 9.2 81.7 9.1 31.0 61.5 97.5 
D* 13.3 7i:3 15.6 63.0 78.0 97.5 
K 6.7 69.0 24.3 20.0 52.0 93.0 
E 10.8 62.4 26.8 36.5 76.5 98.0 
F 12.5 61.3 26.2 30.0 65.0 98.0 
H 10.0 63.0 27.0 28.0 56.5 98.0 
I 9.2 65.4 25.4 28.0 53.0 98.0 
G 8.3 62.4 29.3 26.5 52.5 92.5 
M° 5.6 62.2 32.2 21.5 59.0 95.5 
J 7.5 75.8 16.7 26.5 51.5 91.5 


® Containing 35 per cent of alcohol. 

7 With ethyl fluid. 

§ Containing 40 per cent of benzene. 

* Straight-run gasoline from Pennsylvania crude-oil. 


principal difference between samples L, D and M—which 
contain the same basic hydrocarbon fuel, a straight-run 
gasoline from Pennsylvania crude—is to be found in the 
spectra for the second half, as already noted. It is quite 
evident that the spectra for the last half of the engine 
stroke are more sensitive indicators of differences than are 
those for the first half. 

(4) The emission lines of lead appear as usual in the 
spectra of sample C, quite strongly for the first half of 
the stroke and weakly for the second half. Five lines ap- 
pear in the former, of which the three at \\ 4058, 3683 
and 3639 are the persistent lines of lead that are observed 
also in the second spectrum. The additional lines at \A 
3614 and 4009 may be due to tungsten from the spark- 
plug. 

(5) There is no simple parallelism between knock data, 
spectra, fuel constitution, and distillation properties. In 
general, an increasing content of saturated hydrocarbons 
is accompanied by an increasing tendency to knock, as 
shown by the data in Table 2. Samples E and F, with the 
highest volatilities except for the fuels containing benzene 


10 to 11.25 millivolts. 








The figures refer to the amount of gas evolved, in 


cubic 
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T ' . pe . 
“ tra for the second half of the stroke are unusually short (3) Electron absorption by heavy metals (Continued) 
and faint, but the volatility cannot be said to be directly Pro Con 
, related to knock. These facts are but further evidence of thermally and from chem- E. W.. Brugmann and W. 
at the complexity of the problems of the cause of detonation .; 1 ti . t C. Thee: fi d si b 
nd the mechanism of its suppression or reduction by addi- Se ee . 205: Se: yen ee 
ae ed thane of high energy S. C. Lind, Garner and 
pages a o (b) Experiments of G. L. Saunders 
YY THEORIES OF KNOCK SUPPRESSORS 
<. : : ’ : , : . v 
3.0 Following is a list of theories of the action of knock BY 
7.5 suppressors, with the evidence supporting each theory oe us <“ 
‘4 é against it arranged in parallel columns. - ®fTo © 
30 and that ag 1inst it a ge p 3 fon Sle zt x ao. oO 
8.0 (1) Colloidal metal deposition on sharp corners and edges T Mo — © ro) a oO 
i ; non 9 - N N << Z 
8.0 Pro Con ALM ee: oe ” < 
e (a) A single French ex- (a) Experiments in the 
25 periment United States, negative 
5.5 (b) General analogy to (b) Does not explain why . wae 
1.5 known effect of sharp knocking begins instantly F 


points, sand and the like in 
increasing the velocity. of 
the explosion wave to the 
point of detonation 


upon the substitution of a 
knocking fuel for one con- 
taining suppressor, al- 
though lead and oxides still 
cling to the walls 


C 1.49 


ich (c) Does not explain the 1.49 
‘un necessity for organic val- 
the ences 
‘ite (d) Does not account for B 1.59 
ine the suppressing action of 
are aniline and iodine, contain- 
ing no metal oa 
the (e) Does not account for 60 
of knock induction (Do _ ni- 
Ap- : trites make the steel edges K 1.76 
83 : sharper?) 
ved i (2) Pyrophoric colloidal particles acting as miniature 
AX spark-plugs 
rk- Pro Con 1.76 
(a) The known fact that (a) Absolutely negative 

increasing the number of results in the United States F 207 
" spark-plugs in an engine from experiments the same 
ns decreases knocking,” by in- as those of Sims and Mar- 
bs stituting many waves which dles H 2.10 
ones destructively interfere and (b) Does not account for . 
ne smooth out the reaction the suppressing action of 
ec- 


(b) Experiments of C. J. 


aniline, iodine and the like; 


Sims and Mardles.™ indi- nor of inducers 
cating that iron, lead or (c) Does not account for 
nickel solution in gasoline the fact that Pb(C2Hs)sCl 


has the same antiknock ef- 
fect as _ tetraethyl lead, 
Pb(C:H;).s, iron carboxide, 


and Pb(C:2Hs):Cle are three- 
fourths and one-half as ef- 
fective as Pb(C2Hs)« 





| 2a 


G 248 
M 2.7 


OTrFOTr>UPFOTyF UP OTFTPr-TPOT >-PAOrPNOTr>T pPowrwern 
m™ 


Fe(CO);, and nickel carb- (qd) Sims and Mardles 
oxide, Ni(CO), obtained negative results 
(c) Theory and experi- with all colloidal solutions 
ments of W. H. Charch, of carbon, gold, silver, cop- J 2.78 
Edward Mack, Jr., and per, cobalt, chromium, tung- 
C. E. Boord” that spread- sten, uranium, cerium, 
ing the oxidation process aluminum, iron, nickel, lead Fic. 1—SPecTRA PHOTOGRAPHED FROM FUEL TESTS 


throughout a large volume 
by pyrophoric metal par- 
ticles or easily oxidizable 
hydrocarbon’ radicals’ in 
amines, such as aniline, de- 


and mercury—excepting so- 
lutions prepared from 
Fe(CO);, Ni(CO)., and 
Pb(C:H;).—with the possi- 
bility of some residual un- 


The Scale Figures Are Angstrém Units. 


Taken During the First Half of the Stroke, and Those Marked B 


Were Taken During the Second Half. 


C, Are Inserted for Reference. 


Midgley Indicator. 


Mercury Spectra, Marked 


The Knock Was Measured by a 
The Speed and the Load on the Engine, with 


Spectra Marked A Were . 


ie oe i oe ., a . 2 ., Se .» ee . 2 2 Ae AH . ae 
ee 


creases detonation changed compounds with the Various Samples, Were as Follows: 
known great suppressing Sample Engine Speed, R.P.M. Load, Watts 
power L 1,075 831 
Cc 1,043 813 
(3) Electron absorption by heavy metals ~ eet 2 
Pro Con D 1/080 842 
: c 065 , 5 
mn (a) It is reasonable that (a) Proved wrong ex- — nett HH 
ionization should occur perimentally by G. L. Clark, . ets oe 
eta ° ~ i 
bic ® See THE JOURNAL, June, 1921, p. 561. 3 1a ose 
1 See Transactions of the Faraday Society, October, 1926, p. 363. M 1.938 805 
2 See Industrial and Engineering Chemistry, April, 1926, p. 334. J 1,050 816 
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(3) Electron absorption by heavy metals (Concluded) 


Pro 


Wendt and Grimm, indicat- 
ing that ionization is far 
smaller in the presence of 
Pb(C.Hs). 

(ce) Observation by Mali- 
novski of suppression of 
the explosion of benzene in 
an electric field 

(d) Experiments by 
Charch, Mack and Boord 
show decreasing electrical 
conductivity or ionization 
with increasing amounts of 


Pb(C.Hs). 


(4) Simple, positive catalysis 


Pro 


(a) Postulates that sup- 
pressors lower the ignition 
temperature to a point at 
which the heat of adiabatic 
compression could cause 
appreciable but slow chem- 
ical reaction to occur ahead 
of the flame so that the re- 
action wave would pass 
through a partly burned 
mixture 


Con 


(b) Also open to the ob- 
jections that the effects of 
aniline, iodine and the like 
are not explained, nor are 
those of the inducers 

(c) Results of Charch, 
Mack and Boord prove that 
an antiknock material, 
either lead tetraethyl or 
benzene, affects ionization 
only insofar as it tends to 
suppress detonation, rather 
than acting per se in re- 
moving ions from gases 


Con 

(a) No necessary rela- 
tionship between ignition 
temperature and tendency 
to detonate proved by ex- 
periment 

(b) Avoids the issue of 
mechanism 


(5) Nuclear condensation prevention or preferential ad- 
sorption (H. L. Callendar, November, 1925) 


Pro 


(a) Postulates that one 
type of detonation results 
from the presence of nu- 
clear drops or particles of 
least volatile hydrocarbons 
with relatively low ignition 
temperature, adsorbed on 
carbon particles and the 
like. “Dopes” delay igni- 
tion of nuclei by “poison- 
ing” of the nuclei. 

(b) Facts known on the 
authority of Lord Kelvin 
and Maxwell that: Conden- 
sation cannot occur without 
the presence of nuclei 
(smoke); freshly formed 
carbon is very active cata- 
lytically and in absorbing 
vapor; raising the initial 
pressure has a marked ef- 
fect in increasing the ten- 
dency to detonate; hydro- 
gen most readily ignites on 
platinum-black; and _ ben- 
zene in rich mixtures de- 
tonates at high initial pres- 
sures and low temperatures 


Con 


(a) It is difficult to re- 
late preignition and detona- 


tion — carbon disulphide 
preignites without detona- 
tion, and ether detonates 


without preignition 

(b) Exactly opposite in 
some respects to pyrophoric 
theory for decreasing de- 
tonation 

(c) Research needed, but 
this appears to be a prom- 
ising theory 


(6) Simple negative catalysis (Thomas Midgley, Jr.) 


Pro 


(a) Postulates that sub- 
stances in gaseous form de- 
crease the reaction veloc- 
ity of burning fuel 

(b) According to C. A. 


18 See Comptus Rendus de 
(1928), p. 146. 


Con 
(a) Avoids the issue of 


mechanism 


(b) Experiments’ with 
indicator diagram show no 
effect of antiknock  sub- 


PAcademie des Sciences, vol 186, 


4 See Transactions of the Faraday Society, October, 1926, p. 3 41 
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(6) Simple negative catalysis (Concluded) 


Pro 
Woodbury, A. T. Canby 
and H. A. Lewis, the pres- 
sure in front of the wave 
at one stage is greater than 
that behind it by 0.4 lb. per 
sq. in. 


Con 
stances on flame velocity; 
also recently proved _ in 
beautiful experiments of P. 
Lafitte and P. Dumanois’ 

(c) Cannot explain satis- 
factorily the necessary or- 
ganic valences, or knock in- 
duction 

(d) The pressure gra- 
dient mentioned in (b) 
under pro is in the wrong 
direction and only 1/1000 
that of a detonation 


(7) Catalysis of preferential reaction route, or hydroxy- 


lation 
Pro 
(a) Considerable chemi- 
cal evidence for different 
oxidation routes, such as 


hydroxylation or complete 
oxidation, in the burning 
of hydrocarbons; on the au- 
thority of numerous papers 
by Bone and others 

(b) Ultraviolet spectra 
gives unmistakable evidence 
of different reactions with 
and without suppressors 

(c) New experiments in 
our laboratory on slow oxi- 
dation of fuels show that 
hydrocarbons go _ through 
an alcohol stage in the pres- 
ence of Pb(C:H:)., the final 
liquid product being great- 
ly different from _ that 
formed in the absence of 
an antiknock agent 


Con 

(a) Experimentally diffi- 
cult to prove finally. H. L. 
Callendar, R. D. King and 
Mardles, of the British Air 
Ministry Laboratories, fail 
to find any traces of hy- 
droxyl compounds formed 
in oxidation 

(b) Does not postulate 
mechanism of catalysis 

(c) Difficult to extend to 
knock inducers 


(8) Catalytic poisoning (Schlesinger) 


Pro 

(a) Postulates that the 
metal walls of the combus- 
tion chamber act as posi- 
tive contact catalysts of re- 
action velocity, and these 
are poisoned by deposits 
from the suppressor 

(b) Organic amines 
known to be mild poisons 
of catalysts; and iodine, se- 
lenium and lead to _ be 
strong ones 


(9) Radiation 
Pro 
(a) Postulates that gas- 
eous knock-suppressors ab- 
sorb radiations from flame, 


which otherwise _photo- 
chemically activate mole- 
cules ahead of the flame 


and accelerate reactions by 
splitting hydrocarbons into 
a more reactive condition 
(b) Considerable photo- 
chemical evidence; experi- 
ments of David” prove that 
the reaction rate greatly 


Con 


(a) Mereury and_ sul- 
phur, known to be catalyst 
poisons, are knock inducers 

(b) No appreciable lag in 
the appearance of knock 
when fuel without a sup- 
pressor is introduced sud- 
denly 

(c) Detonation occurs in 
glass as well as in metal 
vessels 


Con 
(a) Difficult to extend to 
knock inducers 
(b) Direct proof lacking, 
and many experiments re- 
quired 
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(9) Radiation (Concluded) 


Pro 

accelerates by absorption 
of infra-red wave-lengths 
corresponding to absorption 
bands of fuel gas 

(c) Ultraviolet spectra 
furnish very direct proof: 
first, that tetraethyl lead, 
aniline, iodine and all other 
suppressors absorb far-ul- 
traviolet radiation during 
detonation, so that the spec- 
trum is like that of explo- 
sion; second, that knock in- 
ducers increase the inten- 
sity of the spectra in the 
far-ultraviolet; third, that 
ultraviolet spectra during 
detonation, are very strong 
for the first quarter of the 
stroke, weaker for the sec- 
ond quarter, and very weak 
for the third and fourth 
quarters, showing the ra- 
pidity of the evolution of 
the energy, while, with all 
knock suppressors, the four 
quarters become exactly 
alike in length and inten- 


sity of spectra, showing 
uniformity of reaction 
throughout stroke; and, 


fourth, that spectral lines 
for metallic lead—with te- 
traethyl lead—appear only 
in the spectrum for the first 
quarter, showing that glow- 
ing metallic particles, if 
formed, do not persist 

(d) Ultraviolet light of 
strong intensity, focussed 
through a quartz window 
into the combustion mix- 
ture, has been found to in- 
crease detonation 

(e) Detonation suppres- 
sors, as well as familiar 
antioxidants such as hydro- 
quinone, destroy the fluo- 
rescence of substances ir- 


radiated with ultraviolet 
rays’, and the like. 
(f) The formation of 


peroxides in hexane-air and 
ether-air mixtures is assist- 
ed by ultraviolet light at 
150 to 250 deg. fahr., if not 
counteracted by suppressors 
(H. L. Callendar, 1926) 
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(10) Opposition to auto-oxidation and peroxide formation 


Pro 
(a) Suppressors act as 
antioxygen catalysts in the 
liquid phase—an extension 
of the comprehensive 
theory of Charles Moureu 
and Dufraisse—acting ac- 


“See Comptus Rendus de 
(1927), p. 1121, 

% See Comptus Rendus de 
(1927), p. 8. 


Con 
(a) The theory is very 
convincing except as to the 
exact mechanism by which 
the suppressors eliminate 
peroxide formation. The 
Callendar theory, that met- 


VAcademie des Sciences, vol. 184, 


VAcademie des Sciences, vol. 184, 
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(10) Opposition to auto-oxidation (Concluded) 


Pro 
cording to a chain mechan- 
ism, as follows: 
A (fuel) + O23 A(O2) 
(peroxide) 
A(O.) + B (catalyst) > 
A(O) + B(O) 
A(Q) + B(O) > A + 
B + O, 
(Auto-oxidation is accom- 
panied by peroxide forma- 
tion, which detonates the 
mixture as would fulmin- 
ates, and peroxides are pre- 
vented by suppressors™.) 
(b) Peroxides which are 
strongly detonating are 
formed with amyl] and ethyl 
ethers, paraffin hydrocar- 
bons, and the like, but not 
with alcohol, benzene, ani- 
line, and others; while such 
formation is absolutely in- 
hibited by knock suppres- 
sors, according to Callen- 
dar. Peroxides added to 
fuel greatly increase det- 
onation. Liquid drops form 
peroxides more easily than 
does vapor, thus relating 
the theory to the nuclear 
condensation theory 


(11) Free-radical theory 
Pro 

(a) Postulates that sup- 
pressors act in several of 
the preceding theories by 
forming momentarily free 
radicals: 
Pb (C2Hs)s1 > Pb + 4 CoH: 
the final products being Pb 
+ 2 CsHw in heat decompo- 
sition; I: > 21; and so on. 
Radiant energy may be ab- 
sorbed in this process, thus 
accounting for the necessity 
for organic valences 

(b) Based upon known 
chemical facts of existence 
of free radicals, on the au- 
thority of M. Gomberg and 
others 


Con 


al deposited by decomposi- 
tion or droplets prevents 
adsorption of peroxides, is 
inadequate to explain the 
positive action where the 
fuel, pure hexane, is com- 
pletely vaporized. No mech- 
anism which takes into ac- 
count changes to the Pb 
(CoH;), molecule, for ex- 
ample, is postulated by 
Moureu and Dufraisse 


Con 
(a) Difficult to prove ex- 
perimentally 
(b) Still difficult to ex- 
plain inducers 


(12) Inhibition of chain reactions 


Pro 

(a) A theory, due to 
Christiansen and extended 
by Backstrém, H. S. Tay- 
lor and others, that in 
chain reactions the energy 
of the reaction products is 
transferable to molecules of 
reactant, thus actuating 
them, so that reaction be- 
tween single pairs of mole- 
cules may suffice to pro- 
mote a sequence of similar 
reactions many thousands 
in number. An _ inhibitor, 


Con 
(a) Not yet demon- 
strated for hydrocarbons 


and antiknock substances; 
experimental technique for 
detection of minute changes 
is very difficult 

(b) Open to the same ob- 
jections as the simple nega- 
tive-catalyst theory (6). 
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(12) Inhibition of chain reactions (Concluded) 
Pro 
such as Pb(C:Hs):, breaks 
the chain of reactions 
(6) Proved in oxidation 
of aldehydes and aqueous 
solutions of sulphites. 
Chains broken by oxidation 
of molecules of inhibitor al- 


cohol 
(c) Best proved in photo- 
sensitive reactions, thus 


linking this theory with the 
radiation theory (9) 


No single theory is yet entirely satisfactory. 


The 


reactions of two or more theories may be operating to- 
gether. 

The radiation theory (9), the peroxide theory (10), 
and the chain-reaction inhibition theory (12) seem to 
be the most promising. 

The nature of detonation itself must be more thor- 
oughly understood. There are evidences of three types 
of detonation, which account for the complexity of the 
problem. (a) pressure-wave—development of pressure 
difference into a compression wave of sufficient in- 
tensity to fire the heated mixture; (b) nuclear—drops 
of particles of low ignition-temperature, on carbon, for 
instance; (c) molecular—the temperature of the com- 
tletely vaporized or gaseous mixture raised to induce 
direct molecular combination. 


THE DISCUSSION 


RORERT E. WILSON" :—I notice a surprisingly large 
difference in the spacing of the different hydrocarbon 
chains between the lead soaps and the corresponding 
hydrocarbons, the spacing in the soaps being appar- 
ently much longer. That seems strange according to 
ordinary theories of chemical structure. I wonder if 
Professor Clark has a theory for this, and if it can be 
due to something like rows of soldiers standing on each 
other’s heads. If there is an active group at one end, 
the heads would be together and the feet together in 
alternate rows, so that the length measured between 
the planes of active groups is really double the length 
of the molecule rather than its actual length. 

GEORGE L. CLARK:—Mr. Wilson is an X-ray expert, 
and he is exactly right. In a hydrocarbon, the ends are 
alike, but in the acids and soaps a double layer is 
formed, because the carboxyl group is active. In the 
lead soaps we have the further complication of two 
members, like two legs on one body. In some instances, 
like tri-glycerids appearing as greases, there are three 
members; but it has been amply demonstrated that the 
two hydrocarbon ends of the glycerids are together and 
the two active alcohol ends also are together. It is 
actually possible, by means of the X-ray intensities, to 
take a long chain like a ketone, with only one CO group, 
and measure exactly where the CO group is in the 
chain; because the oxygen is so much more active in 
its diffraction of X-rays than is the carbon or the 
hydrogen. The same is true of other corresponding 
compounds. 

WALTER MARTINS” :—Have you made any experiments 
with detonation, using the same compression-ratio, 
speed and load in two engines with differently shaped 
combustion-chambers; and was any difference in the 
amount of knock observed? Various manufacturers are 
trying to overcome knocking with increased compres- 
sion by changing the shape of the combustion-chamber, 
and apparently they are eliminating some of it. 

Dr. CLARK :—Unfortunately I have not been able to 
try this, because only one engine was available. In that 
engine we could vary the compression-ratio, but not 
the form of the combustion-chamber. Such an experi- 
ment should be made. It is well known that the shape 
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of the combustion-chamber does affect knocking. It is 
the general theory that the chamber should be smooth 
and spherical, as nearly as possible, but some of the 
new high-compression engines are far from that. The 
introduction of hot-spots, multiple spark-plugs and 
other features help to overcome the effects of the in- 
correct shape. 
GASOLINE BEING IMPROVED 


GEORGE R. WILLY”:—Another factor that influences 
the design of the combustion-chamber is the increased 
performance demanded. Were it not that the refining 
companies are producing gasolines of a very advanced 
composition, we should not be able to use such high 
compression and still avoid knocking. The latest com- 
bustion-chamber designs are made to eliminate knock- 
ing and to increase the performance. 

M. J. KITTLER”:—With any knocking agents other 
than tetraethyl lead, such as iodine and aniline, is there 
some element or group that retains its identity during 
the first part of the stroke, like lead, and loses it in the 
last part? 

Dr. CLARK :—There is no evidence to that effect un- 
less the fine part of the spectrum indicates it. There 
is some opinion supporting the presence of free radi- 
cals; for example, the tetraethyl might break up in- 
stantaneously or very rapidly into lead and the C,H, 
radical, and aniline might break up into free radicals. 
Prof. H. S. Taylor recently suggested the possibility 
that iodine does break up, I, into 2I, at high tempera- 
ture. It is almost impossible to prove such a theory, be- 
cause the condition might exist for such a short time 
that even so rapid an instrument as the spectroscope 
might not register anything that could be interpreted. 
There is nothing else to indicate the mechanism of the 
reaction, but many people believe that lead tetraethyl 
breaks up and produces colloidal lead. 

I have had correspondence for some time with Cap- 
tain King, of the Laboratory of the British Air Min- 
istry, where they Icng held to the theory that lead 
tetraethyl, nickel carbonyl and some other knock sup- 
pressors function because their decomposition produces 
colloidal lead or nickel which acts catalytically or be- 
comes incandescent and acts like tiny multiple 
spark-plugs. The experiments of the Ethyl Gasoline 
Corporation and Dr. Graham Edgar seem entirely to 
disprove this theory. In addition, this theory did not 
at all account for the action of aniline or idoine or any 
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of the other compounds that have an entirely different 
structure. We hope to make a final test of this col- 
loidal-metal theory. I have tried it two or three times 
with no result. There may be some colloidal lead that 
helps a little, but that is not the real reason for the 
value of lead tetraethyl. Many experiments are still to 
be made along this line. They involve some of the most 
difficult chemistry, trying to distinguish a reaction in 
what probably is a series of reactions taking place very 
rapidly. 

Another theory, also from England, is that peroxides 
are formed. It is well known that peroxides are very 
unstable, really explosive. According to this theory, 
the formation of peroxide is an intermediate step which 
causes detonation in the oxidation of the carbon. Lead 
tetraethyl may enter and poison the peroxide or break 
it up catalytically. It is almost impossible to devise 
experiments to show the existence of these various com- 
pounds that might be formed and broken down again 
instantaneously. All of our experiments are integrat- 
ing experiments. 


INDUSTRIAL APPLICATIONS GROWING 


BENJAMIN §S. PFEIFFER" :—To what extent has X-ray 
analysis of castings and parts been adopted in manu- 
facturing plants? 

Dr. CLARK:—lIt seems to be a slow process to get 
anything like this adopted; yet the progress has been 
rather rapid. It has been only two or three years since 
its development began, and there is a great deal of 
interest in it among manufacturers. Some men will 
have nothing to do with it because they are afraid it 
will make things harder for them, but several indus- 
tries have taken or are taking steps to introduce X-ray 
laboratories. I have now several requests for men to 
establish X-ray laboratories; but no men trained for 
the positions. Several manufacturers are sending men 
to us to be trained. 

I am afraid that we are lagging behind the Germans 
in the introduction of the process into industry. There 
recently was a large exhibit or congress in Berlin de- 
voted to the use of the X-ray for the benefit of manu- 
facturers; and we were glad to send to them some of 
our photographs, as they requested. They are making 
considerable progress because many of their research 
institutions are endowed by the government. 

Much is yet to be done in the way of developing 
simple apparatus and training men; men with experi- 
ence now are the commodity most needed, and several 
universities are attempting to train men to meet these 
industrial problems. Many industries are consulting 


21M.S.A.E.—Consulting engineer, Chicago. 


SPECTROSCOPIC STUDY OF FUELS 


various established laboratories regarding certain prob- 
lems to see whether the X-ray will offer any solution, 
and a number of such investigations are being begun 
at the University of Illinois; for example, the first 
photographs we have taken of spark-plug porcelains 
detect the strains in the material and promise to lead 
to a proper treatment for their elimination. The manu- 
facturers have perfected the spark-plug porcelains as 
far as they can; they are now facing a stone wall, and 
this tool will take them on farther. 

I do not mean to say that X-rays will, in any condi- 
tion, solve problems that nothing else can solve. Many 
think of it as a last resort, but I think of it as a help- 
ful tool. At present it is too expensive to use as a 
testing method, but its results are well worthwhile for 
developing a technique for a given manufacturing 
process, particularly for such ends as ultimate struc- 
ture, strain, grain size and proper annealing. 

This is a great age in which to live, and this is a 
great subject on which to work. It is thrilling to see 
the light dawn on some industry that asks for help and 
says that it is ready for an X-ray laboratory and a man. 
Everything we do on an inorganic piece of metal may 
help toward the advance of the use of the X-ray on 
living matter, in the treatment of cancer and disease, 
the alleviation of pain, and the real understanding of 
X-ray therapy. There are many disappointments, but 
the cases in which X-rays have really helped in the 
solution of a problem make all the hardships well worth 
enduring. 


PRECAUTIONS REQUIRED WITH X-RAYS 


Mr. MARTINS:—lIn using X-rays on loaded shells, is 
there any danger of creating static electricity inside the 
shells from the high-frequency current and causing an 
explosion? 

Dr. CLARK :—The current would be well screened and 
the high-tension apparatus could be away in another 
room. Everything would have to be well protected in a 
case like that, but the X-rays themselves would have no 
bad effects. 

Dr. WILSON :—It is impossible to generate any static 
current inside a metal shell. 

QUESTION :—Do you use lead chambers in taking these 
pictures? 

Dr. CLARK :—We enclose the X-ray tube in a heavy 
lead box and the beam comes out through a very fine 
pinhole. The photographic plates also are surrounded 
by lead, so there is very little danger. In all our ap- 
paratus the transformer now is underneath, and there 
is only a short high-tension lead in the middle of the 
apparatus, all of the outside being grounded. 


Can You Use Helium? 


-_ uses are being sought for helium, which is now 
4 available for industrial purposes. Its unique proper- 
ties will doubtless soon find numerous applications. Helium 
has nearly the lifting power of hydrogen, together with 
the inestimable advantage of being absolutely non-inflam- 
mable. It is not only more inert than nitrogen, but has 
the lowest solubility in water of any gas known. 

Among the interesting properties of helium that may 
suggest new uses are complete chemical inertness, a specific 
gravity less than one-seventh that of air, thermal con- 
ductivity over six times as great as that of air, high spe- 
cific-heat, the lowest boiling-point known, namely, — 267.5 


deg. cent. (— 450 deg. fahr.), and the ability to conduct 
sound nearly two and a half times as rapidly as air. 

The story of helium affords a striking example of the 
way in which unexpected values accrue from fundamental 
research. The gas was first discovered in the sun through 
the spectroscopic observation, by Janssen and Lockyear, of 
the solar eclipse of Aug. 18, 1868. In 1894, Rayleigh and 
Ramsay discovered argon in the atmosphere, and during 
the following year Ramsay, continuing his search for argon, 
found helium in the mineral cleveite. The present com- 
mercial source is certain gas wells in our Southwestern 
States.—Industrial Bulletin of Arthur D. Little. 








Supercharger Applications 


Two papers on the subject of supercharging were presented at the meeting 


of the Indiana Section held March 8, 1928. 


One, by Louis Schwitzer, dealt 


with the general applicability of the supercharger to automotive vehicles; 
the other, by David Gregg, recounted the actual performance of a super- 


charged passenger-car. 


Both papers are printed herewith, together with 
the discussion which followed their presentation. 


For the convenience of 


readers, abstracts of the papers and of the discussion precede the text. 


The Application of Superchargers to Automotive Vehicles 


By Lovuts ScHwIitTzErR! 


OST passenger automobiles are overpowered and 
4 probably 80 per cent of such vehicles operate 
at less than 35 m.p.h. for 90 per cent of the time, 
according to the author. At 30 m.p.h. an average 
3000 to 3500-lb. passenger-car requires from 12 to 15 
hp., but the engine carried is capable of developing 
from 50 to 55 hp. The result is that the car is op- 
erated for the greater part of the time at one-third 
to one-quarter throttle opening. Full power is needed 
only for accelerating and hill-climbing; during the 


on the average passenger-car, motorcoach or motor- 

truck. Although the problem of supercharging is 
interesting in itself, industry and the public are inter- 
ested only in the question that will decide the success 
of supercharging: What can be gained by its use and 
how much can be saved? 

Probably 80 per cent of all passenger automobiles are 
driven 90 per cent of the time at less than 35 m.p.h. 
Why, then, penalize the entire industry and 80 per cent 
of all operators with unnecessarily long wheelbase, extra 
burden in car weight, and waste in operation? The 
average 3000 to 3500-lb. passenger-car traveling at 30 
m.p.h. requires from 12 to 15 hp. Most of the engines 
used in these cars, at the engine speed necessary at this 
car speed, will develop from 50 to 55 hp. according to 
the design. During the greater part of the time the 
cars are therefore operated at one-third to one-fourth 
throttle opening. No wonder the fuel consumption rises 
from 0.7 lb. to 1.3 or 1.4 lb. per hp-hr., or practically 
twice what it should be. 

Why are such large engines used in these cars? Not 
because the advertising and sales departments and a 
few owners think that a speed of 75 m.p.h. is essential, 
but because excess power is necessary for accelerating 
and hill-climbing. The average road-speed during the 
last two or three years has increased from 30 to 45 
m.p.h. A great many trucks are also traveling at these 
speeds. To be able to pass this procession, extremely 
rapid acceleration between 35 and 60 m.p.h. is required. 
This is far more important than the much-advertised 
5 to 25-m.p.h. acceleration that can be satisfactorily ob- 
tained with any car, if necessary, in a lower gear, which 
is always used if the speed is reduced to 10 m.p.h. or a 
stop is made for a traffic signal. 


| T is practical and economical to use superchargers 


a M.S.A.E.— President and chief engineer, Schwitzer-Cummins 
Co., Indianapolis, Ind. 


remainder of the time the excess weight of the engine 
and other parts must be carried at a loss of efficiency. 
The author maintains that smaller engines can be 
used advantageously when equipped with supercharg- 
ers, the supercharger being used only when excess 
power is required. Curves and a table are given to 
show the results of comparative tests with and with- 
out a supercharger, and views are shown of the de- 
sign and construction of a supercharger believed by 
the author to possess special advantages. 


SUPERCHARGED SMALL ENGINES VERSUS LARGE ENGINES 


To meet the demand for top-notch performance, en- 
gines of large piston-displacement must be used. The 
resulting waste, however, is not only in the size of the 
engine, but in everything else that enters into the con- 
struction of the car. Oversize engines need large 
valves, extra length of cylinder-block, and higher lift 
and heavier valve-springs, with the accompanying diffi- 
culty of keeping the valves from warping and of aug- 
menting the cooling problem. The increased weight of 
the valve mechanism presents a difficult problem in 
keeping it from surging, particularly at high engine- 
speeds, and from pounding out the seats, not to mention 
the stress on the driving mechanism. Cam outlines are 
necessary that will provide the largest possible open- 
ings in the shortest possible time, at the expense of 
quietness of operation. Large manifolds and carbu- 
reters are required, and it takes real acrobatics to get 
satisfactory low-speed performance. 

About 350 lb. of engine weight is added, with 6 to 10 
in. of wheelbase, to obtain performance that is required 
not to exceed 10 to 20 per cent of the total driving time. 
The additional weight and length demand heavier 
frame, body, springs, axles and tires. A total added 
weight of 500 to 600 lb. and an increased fuel-consump- 
tion of 5 to 8 miles per gal. are the penalty. 

Much smaller engines can be used if they are equipped 
with superchargers. As the mixture is forced into the 
cylinder by the supercharger, smaller and lighter valves 
that are less likely to overheat and to warp can be used, 
and the lift can be lower and more gradual. Conse- 
quently, the weight of the entire mechanism is reduced 
and, with it, the wear and the noise. Smaller mani- 
folds and carbureters also are possible; in fact, these 
can be dimensioned for adequate gas-velocities that will 
give proper and economical carburetion at the lower 
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engine-speeds. At the higher engine-speeds, when ex- 
cess power is required, the pressure of the supercharger 
takes care of the proper velocities, distribution and 
volumetric efficiency. 


RESULTS OBTAINED ON A DYNAMOMETER 


As an example of what can be accomplished by the 
application of a supercharger, consider the following 
results that have been obtained on a dynamometer at 
3000 r.p.m.: 


156 hp. from a 360-cu. in. engine 
115 hp. from a 240-cu. in. engine 
85 hp. from a 175-cu. in. engine 


A good passenger-car engine of 290-cu. in. piston- 
displacement developing 100 hp. at 3200 r.p.m. weighs, 
with all accessories, transmission and clutch, 1060 lb. 
It requires a length of 39 in. for bonnet space. At 1400 
r.p.m., or 30 m.p.h., it develops 53 hp. and has a torque 
of 200 lb-ft. This engine can be replaced with one of 
200-cu. in. piston-displacement that will deliver 92 hp. 
at 3200 r.p.m. with a supercharger. It weighs 690 lb., 
including all accessories, transmission, clutch and su- 
percharger, and requires only 32 in. for bonnet space. 
At 1400 r.p.m., or 30 m.p.h., it develops 39 hp. without 
the supercharger and has a torque of 149 lb-ft. Curves 
for such an engine are shown in Fig. 1. This engine 
will handle the car very satisfactorily. With the super- 
charger operating at 1400 r.p.m., the horsepower is in- 
creased to 47 and the torque to 177 lb-ft. Comparing 
the two engines at 800 r.p.m., or 17 m.p.h., we find that 
the 290-cu. in. engine delivers 29.5 hp. and 195 lb-ft. of 
torque, and the 200-cu. in. engine delivers 22 hp. and 
142 lb-ft. of torque without supercharging, and 25 hp. 
and 163 lb-ft. of torque with supercharging. 

Consider also the other factors that enter into the 
construction of the car with the 200-cu. in. engine. The 
7-in. shorter wheelbase will effect a saving in weight of 
at least 25 lb. per inch of length saved for frame, body, 
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Engine Speed,r. p.m 
Fic. 1—TORQUE AND HORSEPOWER CURVES OF 290-CuU. IN. 
ENGINE, AND OF 200-CU. IN. ENGINE WITH AND WITHOUT A 
SUPERCHARGER 


The 200-Cu. In. Engine with a Superchargér Could Replace the 
*90-Cu. In. Engine in Ordinary Passenger-Car Service 


TABLE 1—COMPARATIVE ACCELERATING ABILITY OF CARS 
EQUIPPED WITH A 290-CU. IN. ENGINE, AND WITH A 200-CU. 
IN. ENGINE, WITH AND WITHOUT A SUPERCHARGER 


200-Cu. In. Engine 


Without With 

Engine Car 290-Cu. In. Super- Super- 

Speed, Speed, Engine, charger, charger, 

R.P.M.: BPA: Per Cent Per Cent Per Cent 
800 17 100 89 102 
1,000 21 100 91 105 
1,200 26 100 91 107 
1,400 30 100 91 107 
3,200 68 100 87 112 


and propeller-shaft, or 175 lb. In springs, tires .and 
brakes, another 100 lb. can be saved. To this 275 Ib., 
add 370 lb. for reduced engine-weight, making a total 
of 645 lb. : 


COMPARATIVE ACCELERATING ABILITY 


Table 1 shows the comparative accelerating ability of 
two cars, one equipped with a 200-cu. in. and the other 
with a 290-cu. in. engine, assuming the ability of the 
latter car as 100 per cent. The figures are based on 
torque per pound of car weight, and show better per- 
formance for the supercharger-equipped car through- 
out the whole driving-range. 

The economy under ordinary driving conditions will 
increase considerably, the 290-cu. in. engine giving 
about 16 miles per gal., and the 200-cu. in. engine, 20 
to 22 miles per gal. 

With the lighter and shorter chassis, the same body- 
space can be obtained, assuring seating comfort and 
leg-room. The riding-qualities will be as good if not 
better, because these do not depend so much on wheel- 
base as on unsprung weight and the position of the 
passengers relative to the springs and axles. 

In my opinion the only practical application of a 
supercharger occurs when it can be engaged at will 
after the full-open position of the throttle is reached. 
If more power than the smaller engine will deliver at 
full-open throttle is needed for speed, acceleration, or 
hill-climbing, we then call upon our reserve and engage 
the compressor, with an immediate and thrilling in- 
crease of from 40 to 60 per cent in power. 


MOTORCOACH AND MOTOR-TRUCK SERVICE 


The advantages of supercharging for motorcoach ser- 
vice can be seen readily. Exclusive of maintenance 
cost and fuel economy, accelerating ability is the main 
factor in the earning capacity of the motorcoach in both 
urban and interurban service. Its performance must 
be equal to that of the passenger-car, for it is called 
upon to maintain the same average speeds. The motor- 
coach engine must give the necessary acceleration, as 
well as top speed, with gear ratios that will not cause 
excessive maintenance cost, and must give vibrationless 
operation. Experience in motorcoach service has shown 
that the engine speed should not exceed 1800 r.p.m., if 
satisfactory engine life is to be obtained. The severity 
of the service can be estimated when one considers that 
motorcoaches cover as much as 120,000 miles per year. 

Engine sizes have of necessity been continuously in- 
creased to meet the requirements of this service. 
Whereas from 400 to 420-cu. in. engines were sufficient 
a few years ago, today 550-cu. in. engines are inade- 
quate. The 420-cu. in. engine delivers about 80 hp. and 
the 550-cu. in. engine 110 hp. at 1800 r.p.m. As inertia 
forces increase in proportion to the product of the 
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square of the engine speed and the mass, and since me- 
chanical failures cannot be tolerated because they re- 
duce the earning capacity, smaller engines should be 
used. 

The application of superchargers will allow the en- 
gine size to be reduced to 350 or 380 cu. in. Such an 
engine, with supercharger, will develop 115 hp. at 1800 
r.p.m. On account of lighter reciprocating parts, the 
speed can be increased without injury to 2000 r.p.m., 
and 125 hp. can be obtained, which is more than that 
of the 550-cu. in. engine. 

There is plenty of room on motorcoaches for blowers 
of larger type and higher speed. This will enable in- 
creased torque and horsepower to be obtained even at 
car speeds as low as 20 m.p.h. If the operator wishes 
to use a lower transmission-gear, much better accelera- 
tion can be obtained at low car-speeds than with the 
550-cu. in. engine. 


ADVANTAGES OF SUPERCHARGING MOTORCOACHES 


The advantages of using a supercharger in motor- 
coach service are manifold. The necessity for weight 
limitation can be complied with easily without sacri- 
ficing the mechanical proportions and ruggedness. This 
means that, for the same car speed and engine speed, 
the inertia forces and bearing loads will be smaller, the 
engine life longer, and the maintenance cost less. The 
fuel economy will be better on account of longer periods 
of operation with nearly full-open throttle when run- 
ning without a supercharger. 

With a supercharger, better acceleration will be ob- 
tained in city service and, in interurban work, top 
speeds will be reached more quickly. This results in 
greater earning ability. The preceding statements 
apply also to large motor-trucks, particularly in long- 
distance hauling. 


ADVANTAGES OF THE ROOTS BLOWER 


After a test of different types of supercharger on 
racing and passenger-cars, I believe that the positive- 
displacement type is best adapted to practical appli- 
cation. Our company has therefore selected the type 
known as the Roots blower, several views of which are 
shown in Fig. 2. The Roots blower has the following 
advantages: 


(1) It can be built in sizes that can be accommo- 
dated under the hood. 

(2) It can be operated at speeds that make it safe 
when put into the hands of the average owner. 

(3) Its over-all efficiency is high, even in small 
sizes and throughout a wide range of speed. 

(4) The rise of the air temperature through the 
blower is within such limits that no inter- 
cooler is required. 

(5) It can be installed in front of the carbureter, 

thus avoiding the necessity for compressing 

a highly explosive mixture and the danger of 

backfiring and explosion. This eliminates the 

necessity for relief-valves. 

(6) It allows a method of control by which it can 
be engaged at will, according to the power 
requirement; which, I believe, is the only 
method that will make practical and econom- 
ical applicatién possible. 

(7) Much higher pressures can be obtained at com- 
paratively low speed, bringing the range of 
the supercharging effect down into the lower 
engine-speeds and covering the entire driving- 
range. 





(8) On account of its lower speed, extreme care in 
balancing is not necessary, and the gear prob- 
lem in particular is simplified. 

(9) The air is compressed inside a chamber in 
which no lubrication is required, thus elim- 
inating any danger from gumming or exces- 
sive lubrication. 

(10) Its application to medium and lower-priced au- 
tomobiles is possible, because the initial cost 
of the device is low. 

(11) Except for the length of the wings and the 
housing, practically the same parts can be 
utilized for a large range of sizes. We have 
designed one standard for engine displace- 
ments ranging from 100 to 400-cu. in. ca- 
pacity. 


SATISFACTORY AND EFFICIENT WING-SECTION 


Much study has been given to the question of the 
most satisfactory wing-section to use in Roots com- 
pressors. The first section usually considered is the 
mathematically correct cycloidal section shown in the 
upper left view in Fig. 3, in which the diameter of the 
generating-circle is one-quarter that of the pitch-circle. 
The area included between the housing bore and the 
side of the wing section represents the “bucket” in 
which the air is carried from the low-pressure to the 
higher-pressure side. The larger this area is, relative 
to the area of the wing section, the greater will be the 
volumetric efficiency. 

One method of increasing this area is to use a larger 
generating-circle. In the upper right view in Fig. 3, 
the generating-circle has a diameter one-third that of 
the pitch-circle. The resulting epicycloid will mate 
with the corresponding hypocycloid on the other wing 
up to the point a, which is reached by the generating- 
point when the generating-circle has rolled one-eighth 
of the way round the pitch-circle. Beyond this point, 
the curves will not mate at tip and waist, hence the 
relief shown. This section is substantially that recom- 
mended for blowers by the National Advisory Commit- 
tee for Aeronautics. The gain in volumetric efficiency 
over the type shown at the upper left of Fig. 3 amounts 
to about 7 per cent. 

In the lower left view in Fig. 3, this method of in- 
creasing the size of the bucket is carried to the limit, 
making the diameter of the generating-circle one-half 
that of the pitch-circle, and the hypocycloid is therefore 
a straight radial line. These proportions would cut the 
wing in two, if the whole line were used. As in the pre- 
ceding case, however, the curves would not mate beyond 
the point a, and the gaps can be filled in with circular 
arcs having their centers on the pitch-circle, as shown. 
The resulting sections will mate with mathematical pre- 
cision. The gain in volumetric efficiency is nearly 18 per 
cent over that of the design shown in the upper left 
view. For ordinary methods of construction, however, 
this section is structurally weak in the waist. For the 
onerpiece steel construction used in Mercedes super- 
chargers, this section would be permissible. 

The section shown in the lower right view is not 
mathematically correct, since it is an approximation of 
circular arcs. It is more efficient by about 13 per cent 
than the section shown in the upper left view. It is sub- 
stantially the same section as that used in the latest 
2-liter Mercedes superchargers. We have adopted this 
section, not only because of its relatively good volumetric 
efficiency and adequate waist strength, but because the 





August, 1928 


Vol. XXIII 


. [one 
(od ) {i | , 
/ Lilt are 
| | 4 
: | i | 
0 ( f 
; ; \ 
i \ 
. ‘ 
-_ . 
MQ . 
CDW QQ 
CK QQ ry \\ \ 
AGG SM SY MQQY 
\N WN MDWD—+R>FDBD0D' \ 
aa tl | 








riage BPTI tel en OO hk ibe einem a. 


\ AK \ \ \“ 55 % 

\ G/i/{{ 4 . \ SEE 

Re \ ld | Pha,” ~ Len 

\ OR Ring & \ S24 

\ \ ; A, , / / ' \\ IY WY \ \\ & ~ = 

a «i | \ ; §23 

; ; AW ; se \N as “ > 

Pat : \ “ep Ee ft : » E 

~~ - she. = v4 gage 
oe ' =3 a . Pag 
é + : mm S8e8 
4 w mma & 


} 


es me goa ! 


. 
. | 


\ 


\y 
3 M/s ‘ SS Wao = ‘ 
ite q-— o P J ‘ 
Px. y . & 
‘a Kone can 5 
Dy " 4 


\ 


2 —~ 
we 
Pa 
ah 





A a . « 2 ; Pe) ont 
y a 





ae 


eee! amma - ee ee ee a - 





6) 4) 4) .* @) 






















Vol. XXIII 


August, 1928 








178 S. A. 








Tr” 
Area\ Area 
/00 ty /07 
Per Cent Per Cent 
R_ 
Tr =4 ~ 
4 \ 
Area 
M3 
Per Cent 
circle 





Fic. 3—STuDY OF WING SECTIONS FOR USE WITH Roots 


COMPRESSORS 
Correct Cycloidal 
Method of Increasing the 
and the Side of the Wing 
Larger Generating-Circie, at the Upper 
creasing the Size of the Bucket, the Pitch-Circle Twice 
That of the Generating-Circle and the Hypocycloid Being a 
Straight Radial Line, at the Lower Left. A Section, Not Mathe- 
matically Correct but More Efficient by 13 Per Cent than That at 
the Upper Left, Which Has Been Adopted Because of Its Re- 
latively Good Volumetric Efficiency, Adequate Waist-Strength, and 
Better Distributed Clearance between the Wings, Is Shown at the 
Lower Right 


The Mathematically 
Upper Left; a 
Housing Bore 


Section Is Shown at the 

Area between the 
Section, by Using a 
tight; a Method of In- 
Being 


clearance between a pair of wings of this section gradu- 
ally increases from the minimum between the tip and 
the waist to the maximum at the shoulders. In other 
words, when the wings are perpendicular to each other 
and any relative motion between the two wings would 
be nearly parallel to the proximate surfaces, the clear- 
ance is the minimum. When the wings are parallel and 
any relative motion between them would be perpendicu- 
lar to the proximate surfaces, the clearance is about 
0.085 in. greater. Thus, more backlash in the timing- 
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gears can be tolerated than for a mathematically per- 


fect section running with uniform clearance. 
CARBURETER AND FUEL-FEED CHANGES NEEDED 

For operation in connection with a supercharger, 
some changes must be made in the carbureter. All the 
parts through which air could escape from the inlet 
passage to the atmosphere must be rendered practically 
airtight. Hence it generally is necessary to fit a de- 
tachable cap over the end of the float-valve-stem guide, 
and the upper portion of the float-chamber must be 
placed in communication with the delivery side of the 
blower by means of a small pipe. When the pressure is 
equalized, the effect of varying pressure is eliminated, 
and the float and nozzle operate exactly the same as on 
a normal engine. The fuel must, of course, be fed to 
the carbureter under pressure, which is easily accom- 
plished by a conventional fuel-pump. 

Mercedes uses a regular vacuum-tank having a ¢a- 
pacity of more than 2 gal. Engaging the supercharger 
converts this tank into a pressure system through a pipe 
from the pressure side of the supercharger. At the 
same time, the normal air-intake from the carbureter 
is closed and the one from the compressor is opened. 

Few fundamental changes in the engine itself are re- 
quired. The cylinder-walls in most cases are heavy 
enough to withstand the higher pressures. The pistons 
should be designed to assure satisfactory heat conduc- 
tion from the head. 

A correctly designed normal cooling-system will take 
care of a supercharged engine. The bearings of Amer- 
ican engines are ample, being larger than those of 
European engines equipped with superchargers and hav- 
ing the same piston-displacements. 

The power requirement for supercharging at 7-lb. 
per sq. in. pressure-difference is about 4 hp. per 100 cu. 
in. of piston-displacement at 3000-r.p.m. engine-speed. 
In return for this we receive a net increase in percent- 
age of power 1.8 times the increase in percentage of 
volumetric efficiency. At 3000 r.p.m., few engines have 
more than 70-per cent volumetric efficiency. A _ volu- 
metric efficiency of 100 per cent can be obtained with 
supercharging, or a net increase in power of 55 per 
cent. 

I believe that the supercharger is the next logical 
development in increasing the output per cubic inch of 
displacement of the present internal-combustion engine, 
that the supercharged engine will increase the economy 
in road-miles per gallon of fuel, and that the develop- 
ment of supercharger application will lead to a success- 
ful, flexible and economical two-cycle engine, which, in 
my opinion, is the ultimate engine for automotive work. 


The Performance of a Supercharged Passenger-Car 


STUDY of the effect of supercharging on the 

performance of the engines of passenger-cars 
showed that the power increase varied from 35 per 
cent at 1000 r.p.m. to 59 per cent at 3000 r.p.m., with 
a maximum supercharging pressure of only 6.5 lb. 
per sq. in. In acceleration tests made at the Gen- 
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engineer, A. C. Spark Plug Co., 


By Davin GREGG’ 


Flint, 


eral Motors Proving Ground of two cars of similar 
model, one equipped with a supercharged engine and 
the other with a high-compression engine, the super- 
charged car accelerated from 5 to 25 m.p.h. in 5 sec.; 
the unsupercharged car, in 10 sec. From 15 to 50 
m.p.h. the supercharged car accelerated in 12.7 sec.; 
the unsupercharged car, in 21.0 sec. On an 11-per 
cent grade up which the cars were started at 10 
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m.p.h., the speed of the supercharged car was 40 
m.p.h. at the top; that of the unsupercharged car 
was 18 m.p.h. These and other results of the tests 
are portrayed by curves. 


SUPERCHARGER developed in our laboratories 

proved reasonably efficient, quiet and durable, 

and our interest centered on learning how it 
would affect the performance of a standard passenger- 
car. Our experience with the application of super- 
chargers to various types of engine indicated that the 
best results on passenger-cars called for a reasonable 
amount of pressure at low engine-speeds, a requirement 
that virtually eliminated the centrifugal type of super- 
charger and led to the development of the positive-vane 
type of simple construction shown in the left portion 
of Fig. 1. 

The problem of applying this supercharger to an en- 
gine presented numerous difficulties, particularly in ob- 
taining a suitable drive, for no engine already in 
production had provision for a power take-off that re- 
quired more than 1 or 2 hp. As it had a built-in chain- 
drive for the magneto, the export model of a six- 
cylinder 180-cu. in. engine was selected for these tests. 
By placing a sprocket on the magneto drive, the super- 
charger could be located above the inlet ports and be 
driven by chain; and the ratio of its speed to that of 
the engine could be readily changed. This was not a 
quiet drive, but it answered our requirements because 
we were more interested in securing data and results 
without great expense than in designing a drive such 
as might be used on a supercharged car in production. 
This arrangement is shown at the right in Fig. 1. 


ARRANGEMENT OF FIRST TEST SET-UP 


Two methods of supercharging the engine were tested. 
Each had certain advantages and disadvantages. In 
the first installation, air under pressure was blown into 
the carbureter. The supercharger ports were arranged 
for the hydraulic cycle, with no compression in the 
supercharger itself, the pressure being built up by back- 
flow, as in a Roots blower. A three-way valve allowed 
the air from the supercharger to be led into the car- 
bureter or wasted into the atmosphere. The control 
was arranged so that, when the carbureter throttle was 
wide open, a further movement of the throttle lever 
gradually closed the valve between the supercharger 
and the carbureter air-intake, until the maximum super- 
charging pressure was reached. 

Variations in the foregoing method were tested, but 
the first set-up gave as good results as any. As the 
pressure of the intake air in the carbureter varied above 
atmospheric, it was necessary to use an internally bal- 
anced carbureter having a sealed float-chamber and to 
supply fuel under a constant differential pressure. Or- 
dinarily, this requires a complicated fuel system with a 
balanced fuel-relief valve, as used in the Air Service, 
but on this particular installation a very simple system 
was developed that employed an A.C. fuel-pump and a 
line leading from the pressure side of the supercharger 
to the under side of the fabric diaphragm. By these 
means the air pressure in the float-chamber was exactly 
balanced by similar air-pressure on the under side of 
the fuel-pump diaphragm, which acted with the dis- 
charge-spring so that the fuel was always under a con- 
stant differential-head at the float-valve. 


SUPERCHARGER APPLICATIONS 179 


This system of supercharging had two important ad- 
vantages. Under part throttle, when pressure from the 
supercharger was not needed, as the air was not com- 
pressed, the only power required to drive the super- 
charger was that needed to overcome the friction in the 
supercharger. A saving of several horsepower under 
ordinary driving-conditions was therefore made. The 
second advantage was that the supercharger could be 
located at any place where a drive could be obtained. It 
was not necessary that it should be located with respect 
to the position of the carbureter or of the inlet ports; 
it could be driven from the front end of the crankshaft, 
making a neat and simple installation. 

The difficulties were of a minor nature and could be 
removed with a little experimental work. There was a 
slight tendency for the oil in the supercharger to be- 
come gummed when only air passed through the super- 
charger. The hydraulic cycle necessary for this instal- 
lation decreases in efficiency as the pressure incr-ases, 
but the actual loss as compared with that of a com- 
pressor working on the adiabatic cycle is negligible for 
the pressures used. The greater difficulty is in balanc- 
ing the carbureter. On the first set-up, the carbureter 


was placed in a sealed box subjected to supercharger 
This was satisfactory up to about 2 lb. per 


pressure. 





FIG. 1—POSITIVE-VANE TYPE OF SUPERCHARGER USED 


The Carbureter Attached to the Supercharger as Shown at the 

Left Was Used in Obtaining Characteristic Curves of the Super- 

charger Alone. The View at the Right Shows the Method of In- 

stalling the Supercharger on the Engine, and the Chain Drive 

The Carbureter Is on the Far Side of the Engine. An Inverted 

Carbureter Directly on Top of the Supercharger Probably Would 
Have Given Better Results 


sq. in. above atmospheric pressure. Then an internally 
balanced carbureter was obtained that gave good re- 
sults and power characteristics up to 4 lb. per sq. in. 
above atmospheric pressure, but operated badly above 
that pressure and was very difficult to adjust. As we 
could secure no cooperation from the makers of the car- 
bureter we were using, we temporarily dropped this 
method of supercharging. 


SET-UP WITH STANDARD CARBURETER 


In the second arrangement, the carbureter was located 
at the intake of the supercharger and the supercharger 
outlet was connected directly to the inlet manifold as 
shown at the right in Fig. 1. The carbureter throttle 
was the only control needed. We did not use a blow-off 
valve for preventing damage from backfiring, and had 
no trouble on that account, although the blow-off valve 
is used on many supercharged foreign cars and appar- 
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ently is found to be necessary. The suparcharger was 
located above the inlet ports to prevent loading under 
idling conditions. With this arrangement, there was 
no trouble with carburetion; the fuel mixture passing 
through the supercharger seemed to aid in distributing 
the oil to all the working parts and lowered the operat- 
ing temperature of the supercharger, though the final 
temperature of the mixture was the same as that of the 
first system. 

With the exception of the carbureter trouble noted 
previously, there was little difference in the power ob- 
tained in the two systems. Each gave about the same 
power-increase and each showed good accelerating char- 
acteristics; but, because of the difficulty of securing a 
suitable balanced carbureter, the greater part of the 
testing was done with a standard carbureter at the 
intake of the supercharger. 

TEST PROCEDURE 

The engine on which the tests were made was stand- 
ard in every way and, with the exception of substituting 
the maker’s latest type of valves at the beginning of the 
tests and removing the hot-spot in the manifold, no 
changes were made. The engine was first run for some 
time on an electric dynamometer, and a curve of un- 
supercharged horsepower, as shown in Fig. 2, was ob- 
tained. 

When the supercharger was installed, ethyl gasoline 
mixed with 20 per cent of benzol was used, and the 
spark was retarded until it had about the same advance 
as on the same type of engine equipped with the high- 
compression head that was being sold as optional equip- 
ment. Preignition was encountered at first. On meas- 
uring the manifold temperatures, the temperature rise 
caused by the compression in the supercharger and by 
a permanent hot-spot in the manifold was found to be 
excessive. Trouble from this source was almost entirely 
eliminated by separating the inlet and exhaust mani- 
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folds. Fuel consumption was not measured, but road 
tests showed it to be 15 miles per gal. at an average 
speed of 50 m.p.h., a very reasonable figure for the car 
used. 

The power required to drive the supercharger in- 
creases rapidly with speed, as both the volume and the 
pressure are increasing, as shown in Fig. 3. The mini- 
mum power at idling speeds was 0.5 hp.; the full- 
throttle power at 3000 r.p.m. was 10.5 hp. These curves 
are shown in Fig. 4. 

The characteristic curves give a good idea of the re- 
sults gained by supercharging. The power increase 
varied from 35 per cent at 1000 r.p.m. to 59 per cent at 
3000 r.p.m., with a maximum supercharging-pressure 
of only 6.5 lb. per sq. in., as shown in Fig. 5. Curves 
showing manifold temperatures, Fig. 6, are also of in- 
terest. The difference between the upper and the lower 
curves shows the temperature rise due to the compres- 
sion in the supercharger. The difference between the 
middle curve and the upper curve gives the decrease in 
the mixture temperature due to the vaporization of the 
fuel. 


RoAD TESTS AND PERFORMANCE 


The supercharged engine was installed in a two-door 
sedan and, after several minor road adjustments were 
made, was taken to the General Motors Proving Ground 
and tested beside a car of similar model equipped with 
a high-compression engine using ethyl gasoline. On 
accelerations from 5 to 25 m.p.h., the supercharged car 
averaged 5 sec. flat; the unsupercharged car, 10 sec. 
From 15 to 50 m.p.h. the supercharged car accelerated 
in 12.7 sec.; the unsupercharged car in 21.0 sec. In 
each case three persons were in the car. In the hill- 
climbs, which gave the best visual proof of the supe- 
riority of the supercharged car, the cars started side by 
side. Both were started at 10 m.p.h. and, at the zero 
mark, the throttles of both were opened wide. On the 
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Fic. 5—CHARACTERISTIC CURVES SHOWING MANIFOLD PRES- 
SURES AT VARIOUS ENGINE-SPEEDS 


The Speed of the Supercharger Was 1.28 Times the Engine Speed. 

The Power {ncrease Varied from 35 Per Cent at 1000 R.P.M. to 

59 Per Cent at 3000 R.P.M. It Should Be Noted That the Maxi- 

mum Pressure Resulting from Supercharging Was Only 6.5 Lb 
per Sq. In. 


7-per cent grade, the supercharged car was running 
at 50 m.p.h. at the flat turn in the roadway and slowed 
down for the remainder of the climb, as part of the 
track was covered with ice. The unsupercharged car 
reached the 1400-ft. mark at 20 m.p.h. On the 11-per 
cent grade, the cars were also started at 10 m.p.h., and 
the supercharged car reached the top at a speed of 40 
m.p.h., the unsupercharged car at 18 m.p.h. The gain 
in maximum speed was not so great as might be ex- 
pected from first consideration; but, as the engine speed 
was greater than that of maximum horsepower and as 
the power required to drive the car was increasing rap- 
idly, the results are reasonable. A speed of 69 m.p.h. 
was reached by the supercharged car, and 64 m.p.h. by 
the unsupercharged car. 

It is difficult to portray by mere figures the sensation 


Manifold Temperature , deg. cent. 
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Fic. 6—CURVES SHOWING MANIFOLD TEMPERATURES AT VA- 
RIOUS ENGINE-SPEEDS 

The Speed of the Supercharger Was 1.28 Times the Engine Speed. 

The Difference between the Upper and the Lower Curves Shows 

the Temperature Rise Due to the Compression in the Supercharger, 

The Difference between the Middle and Upper Curves Gives De- 

crease in Mixture Temperature Due to Vaporization of the Fuel 


of power and fleetness obtained while driving a super- 
charged car. At road speeds from 35 to 50 m.p.h., the 
car was a delight to drive, accelerating past other cars 
with ease. At all speeds up to the maximum there was 
no laboring of the engine; power always seemed to be 
in reserve. Starting and accelerating in second gear 
provided a get-away that left other cars far behind. 
The car ran smoothly in high gear at 10 m.p.h., and fur- 
ther experiments with carbureters and manifolds un- 
doubtedly would reduce this figure. The chain drive 
was noisy, but the supercharger itself was reasonably 
quiet and had no objectionable note. 

It is useless to draw conclusions from a single test. 
The facts only are therefore offered in the hope that 
they may prove of interest to others engaged in similar 
lines of research. 


THE DISCUSSION 


( NLY the turbo or centrifugal type of super- 
charger would be successful on passenger-cars, 
according to one discusser, because some device is 
needed to break up the fuel rather than to super- 
charge the engine. Automobiles could run faster if 
they could get more fuel, and a _ stock-car engine 
equipped with a supercharger should develop 25 per 
cent more power than if unsupercharged. <A _ two- 
cycle engine equipped with a supercharger will de- 
velop, at low throttle, about three times as much 
horsepower per pound of fuel as a conventional four- 
cycle engine. 

Superchargers on airplane engines operate under 
ideal conditions, according to another speaker, be- 
cause the density of the air at great altitudes is less 
than that at sea-level and the temperature is lower. 
The turbo type seems best for airplanes because the 
kinetic energy of the exhaust gases can be utilized, 
but it is difficult to find a suitable material for con- 
structing the turbine buckets, which operate in gases 
of very high temperature. To obtain the most satis- 
factory operation, the engine must be designed to 
meet the requirements of the supercharger. 


A centrifugal supercharger having a low gear- 
ratio maintains the mean effective pressure of the 
engine constant independently of the engine speed, 
points out another member, who states that a water- 
cooled engine rated nominally at 800 hp. is being 
designed which will develop 1000 hp., it is hoped, 
when the mean effective pressure is maintained con- 
stant at high speeds. The possibility of reducing the 
weight of aircraft engines by using a two-stroke 
cycle and supercharging is being studied. 

The advantages and disadvantages of suction-type 
and pressure-type superchargers are discussed, and 
some research work is mentioned that showed that 
the use of the centrifugal-type supercharger on a 
passenger-car engine increased the horsepower 18 or 
20 per cent at 3000 r.p.m. The demand of the public 
for continually increasing the power of cars has 
caused too large and too heavy engines to be used, it 
is said, and superchargers must eventually be 
adopted. 

One investigator terms the supercharger a pres- 
sure-restorer, as its function is to maintain the inlet 
pressure. 
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F. S. DUESENBERG':—It is about five years since we 
began to work with superchargers. A few years ago, 
I thought, from the letters that used to come in, that 
superchargers would be on every automobile within a 
few weeks. Within the next 48 hr. after we won the 
Indianapolis race with a supercharged car, we had about 
that many telegrams from all over the United States; 
everybody wanted a supercharger. 

We did a little experimental work about two years ago 
on stock cars. We have about seven supercharged cars 
out in the hands of users. We told the buyers that we 
did not think the cars were right, but if they were not 
and were brought back, we would try to make them 
right. All have been out for two years, and only one 
has been brought back, so I think they are satisfactory. 
They are of the turbo or centrifugal type. In fact, my 
theory has always been that this type is the only one 
that would be successful on passenger-cars, as some- 
thing is needed to break up the fuel rather than to 
supercharge the engine. Most of the cars today have 
plenty of compression at speeds of 10, 15 or 20 m.p.h. 
If they had much more they would knock. Most cars 
that go 40, 50 or 60 m.p.h. could go much faster if they 
could get more fuel. The turbo type of supercharger 
breaks up the fuel considerably; in fact, I think that 
during the first two years we used superchargers we got 
more power, not because of the supercharging, but be- 
cause of the better mixture in the cylinder. 

After the Indianapolis race in the year Joe Boyer 
finished the supercharged car and drove part of the 
race, when the valves were taken out, the exhaust valves 
had bright seats, which proved that the engine had been 
running very cool and was very efficient; but as time 
went on, I felt that possibly it is wrong to have a super- 
charger directly connected with the engine and run- 
ning continuously, unless it is of the turbo type. I feel 
that it is not right, with the present carbureters, to 
place the carbureter between the supercharger and the 
engine. We made experiments and had a great deal of 
trouble; we could not get proper carburetion. Perhaps 
that trouble has been overcome. The Mercedes car 
seems to have been successful. The locating of the 
supercharger between the carbureter and the engine 
probably avoids some of the trouble, but it also seems 
probable that it might cause other trouble on account 
of having larger areas exposed to the mixture and more 
accumulation and condensation of fuel at low speeds. 

For the last year or two we have not tried to put 
superchargers on new passenger-cars. We do not ex- 
pect to supercharge them now, as we have taken other 
means of getting more mixture into the cylinders at 
the higher speeds. We believe we are doing about -as 
well as we could with a supercharger. Without ques- 
tion, the efficiency of nearly all stock cars as they are 
built now could be increased substantially by the use 
of a supercharger of some kind. Hardly a day passes 
that I do not get a letter from some person in a hilly 
locality or from some one who wants more speed on 
level roads and wishes to know about superchargers for 
various cars of popular make; so some of these cars 
probably are not so fast as the owners would like them 
to be. I usually tell them that the supercharger costs 
considerably more than their cars did originally, and 
that they had better keep the car as it is. A man in 
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New York who is selling superchargers built in Ger- 
many wrote recently that the type of supercharger suit- 
able for automobiles of 150 to 200-cu. in. cylinder ¢a- 
pacity are to be sold for about $200, which I think is 
fairly reasonable. 

The use of a supercharger will make the engine very 
efficient. Antiknock fuel will be a necessity unless the 
fuel is broken up better than ordinarily. With an effi- 
cient engine and an efficient supercharger, the ordinary 
car should develop 25 per cent more power. That does 
not necessarily mean 25 per cent more speed. 

I feel, as Mr. Schwitzer does, that the two-cycle en- 
gine is bound to come some day, we do not know when; 
but with it a good supercharger certainly will be neces- 
sary, and it cannot be of the centrifugal type, but will 
be of one of the types shown by Mr. Schwitzer and Mr. 
Gregg, or of a dozen others that are similar. It must 
deliver pressure at low speeds. 

At Valparaiso, Ind., I saw a single-cylinder two-cycle 
engine operate very satisfactorily at 200 r.p.m., it being 
the first two-cycle engine I have ever seen operate at 
this low speed. I think that this engine, in combina- 
tion with a good supercharger, would be very satis- 
factory. Another point about this engine that I think 
would be very satisfactory is that it has constant com- 
pression. At low throttle it will develop about three 
times as much horsepower per pound of fuel as the 
four-cycle engine that we have today. This would mean 
that, instead of getting 15 or 18 miles per gal. with an 
ordinary car, we probably would get 40 miles per gal. 
I think a great many people are looking for that. 


SUPERCHARGING OF AIRCRAFT ENGINES 


A. L. BERGER’ :—Superchargers for aircraft engines 
are similar to those employed in automobile engines and 
provide a means either of obtaining additional horse- 
power or of maintaining a given horsepower at various 
altitudes. In aircraft-engine work, however, the condi- 
tions for supercharging are ideal, because the engines 
operate in an air density that is considerably less than 
that at sea-level; they also secure the benefits of the low 
temperatures at the higher altitudes. This is especially 
beneficial insofar as turbo supercharger operation and 
engine temperatures are concerned. 

At the time of the inception of the supercharger for 
aircraft engines, nearly all known types of compressor 
were considered, but the turbo type seemed to be best 
adapted to aircraft, probably because the kinetic energy 
available in the exhaust gases could be utilized, and the 
necessity for taking power from the crankshaft for 
operating the supercharger could be avoided. 

Some idea of the results achieved from supercharging 
aircraft engines may be obtained when one considers 
that a 400-hp. engine at 20,000-ft. altitude develops 
approximately only 195 hp. and that, by supercharging 
the engine to sea-level pressure at that altitude, prac- 
tically normal sea-level horsepower is again made avail- 
able. 

The hardest problem encountered in the development 
of the turbo supercharger was that of securing a satis- 
factory metal for the turbine buckets. When one con- 
siders that the turbines operate in red-hot exhaust- 
gases, the temperatures of which are from 1200 to 1500 
deg. fahr., he can realize the difficulties of the problem. 
After six or seven years we finally developed a metal 
for the turbine buckets that has proved very success- 
ful. We have standardized on turbo superchargers for 
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aircraft work, but that does not close the field to other 
types of supercharger. We are considering doing some 
work with vane-type blowers, some designs of which 
seem to offer possibilities. 

As an illustration of the performance of an airplane 
equipped with a supercharger, I might cite the present 
Air Corps standard pursuit-airplane, which, when 
equipped with an unsupercharged engine, has a time of 
climb to 20,000 ft. of approximately 26 min.; but, when 
the engine is equipped with a supercharger, the time of 
climb to the same altitude has been reduced to less than 
12 min. It is likely that in the near future altitudes of 
20,000 ft. will be reached in 7 or 8 min. 

After considerable experimenting with the turbo-type 
supercharger, it was believed possible to connect a gear- 
driven centrifugal supercharger directly to the rear of 
the engine. There was, however, a rather grave ques- 
tion whether a satisfactory connection could be made, 
because of the oscillation of the crankshaft. Later de- 
velopments have shown our skepticism to be well 
founded. 

I cannot say that we have yet overcome the drive 
problem. A great many types of couplings and drives 
have been tested, but none has proved successful. It is 
probable, however, that this difficulty can be largely 
overcome by building the supercharger directly into the 
engine. Some work has also been done with the Roots- 
type supercharger, as developed by the National Ad- 
visory Committee for Aeronautics. The tests of this 
type to date, however, have not been conclusive, as a 
number of mechanical failures have been encountered. 
In general, mechanical difficulties have been the cause 
of the greatest trouble, irrespective of the type of super- 
charger. These are probably more serious than those 
of superchargers used with automobile engines, because 
superchargers for aircraft engines must be constructed 
of the very lightest material. Superchargers used with 
aircraft engines of 400 to 500 hp. weigh less than 100 
lb. The light construction increases considerably the 
possibility of mechanical trouble. 

With regard to supercharger air-discharge tempera- 
ture, the final temperatures should be approximately the 
same for the same compression-pressures, whether the 
supercharger is a turbo, geared centrifugal, rotary or 
vane-type compressor. That of the centrifugal type 
probably is slightly less than that of the others at the 
higher operating speeds. 

Intercoolers are essential for cooling the air, espe- 
cially when high mean effective engine-pressures and 
high supercharger-pressures are maintained. At pres- 
ent, this is not so noticeable in automobile-engine use 
because lower compression-pressures are used. 

Another thing that we had to deal with was the 
psychological effect of putting a supercharger on an air- 
plane engine. Pilots in the Air Corps are like the rest 
of us; they do not like high altitudes and extremely low 
temperatures. But we have gone through the educa- 
tional period, and pilots, after 10 years’ work, have ac- 
tually taken to liking superchargers. 

To make a real success of superchargers with auto- 
mobile engines, the basic facts of the problem must be 
observed, in that the engine must be designed and built 
for the supercharger. If it is not, the result will be 
merely a car with an engine that will give only mediocre 
~ 9§.M.S.A.E.—Associate mechanical engineer, materiel division, 
Army Air Corns, Wrieht Field, Dayton, Ohio. 


*Jun. S.A.E.—Assistant mechanical engineer, materiel] division, 
Army Air Corps. Wright Field, Dayton, Ohio 
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performance. In my opinion, the best field for super- 
chargers at present is on two-cycle and Diesel engines. 
If superchargers were installed on present cars, it is 
doubtful whether more than a limited number of people 
would obtain the results they expect. 

The cost of superchargers at present is prohibitive, 
and for some time to come it probably will be a great 
deal cheaper merely to increase the displacement of the 
engines. 


MAINTENANCE OF SEA-LEVEL CONDITIONS 


N. N. TILLEY’ :—All we are trying to do is to maintain 
sea-level conditions up to the altitude for which the 
supercharger is rated. The principal change we have 
made has been to use a better fuel with the super- 
charged engines. We have used superchargers, in the 
form that we call rotary induction, to maintain the 
brake mean effective pressure up to much higher speeds 
than could be maintained without the supercharger. 
For instance, in most aviation engines the maximum 
mean effective pressure occurs at about 1800 to 2000 
r.p.m.; in radial engines it occurs at a considerably 
lower speed. By putting on a centrifugal supercharger 
having a low gear-ratio, the mean effective pressure can 
be maintained constant practically independent of the 
engine speed. The engines do not have a power peak; 
it is merely a question how fast it is safe to run them. 
When a propeller is on the engine, the power of any 
given airplane in level flight is definitely limited. 

All large radial engines have built-in centrifugal 
superchargers designed to keep approximately sea-level 
pressure in the inlet manifolds regardless of the speed. 
The supercharger is a wonderful spray-device, which 
maintains a uniform mixture in all the cylinders and 
causes the engine to operate very smoothly. It is prob- 
able that it will be incorporated in most of the military 
radial engines. 

We are now conducting an experiment on a large 
water-cooled engine with a view to keeping the mean 
effective pressure constant at higher speeds. An engine 
of a type normally developing less than 800 hp. is now 
under construction that we hope to make develop 1000 
hp. merely by maintaining at a higher speed the mean 
effective pressure it develops at a lower speed. Pre- 
liminary running indicates that this will be attained 
but that it may be necessary to use a better antiknock 
fuel than domestic aviation gasoline. 

In the future we probably shall have a two-cycle en- 
gine using a displacement-type supercharger for air- 
craft. The possibility of a lighter engine comes from 
the fact that a much smaller compressor can be ob- 
tained in the form of a rotary compressor than in that 
of a piston compressor. But some form of mechanical 
metering-device probably will have to be used to dis- 
tribute the fuel properly in a two-cycle engine, and also 
to prevent waste of fuel. 


AtIR-CorPs USE OF CARBURETERS 


OPIE CHENOWETH‘ :—At the Materiel Division of the 
Air Corps, we have standardized more or less on two 
types of carbureter: the suction-type and the pressure- 
type. The terms, of course, merely tell the location of 
the carbureter relative to the supercharger. F. G. Shoe- 
maker, of the Materiel Division, who did a great deal 
of work on superchargers, outlined the relative advan- 
tages and disadvantages of the two locations, and I 
have taken the liberty to copy some of his notes. 
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The chief advantage of a suction-type carbureter, as 
we know it, is complete control of the engine and super- 
charger with one valve. It is also possible to use a 
gravity fuel-system. We find that in centrifugal super- 
chargers the efficiency increases because of a lowering 
of the mixture temperature by the absorption of heat 
by vaporization of the fuel. Its greatest disadvantages 
are a large amount of combustible charge in the super- 
charger and manifold that many times causes difficulty 
because of backfiring or preignition, and the formation 
of ice in the carbureter. The second disadvantage is 
perhaps not of great importance in automobile work, 
but it is to us. In the suction type, formation of ice in 
the carbureter may increase the restriction, or the ice 
may become loose and go into the high-speed impeller, 
causing chipping. This is particularly noticeable when 
using benzol. A third disadvantage is the large area 
of the inlet manifold and of the supercharger itself that 
must be wetted by the accelerating charge. 

The outstanding advantages of the pressure-type 
carbureter are the small charge of fuel and air in the 
inlet manifold, which causes very little injury in case 
of backfiring, and the lack of difficulty with ice forma- 
tion, because the temperature rise in the supercharger 
makes the air temperature high enough so that ice will 
not form. Under these conditions the maximum tem- 
perature difference is obtained for intercooling, which 
is important with high compression-ratios, because of 
the great difference in temperature between the air 
inside and that outside the intercooler. 

The disadvantages are the necessity for a pressure 
fuel-feed to the carbureter and for a separate control- 
valve for the supercharger, unless a type is used such 
as the carbureter used by Mr. Schwitzer. An additional 
difficulty is that the carbureter must be specially built, 
that is, tightly sealed throughout and internally vented, 
Great care must be taken to use packing around the 
throttle and mixture-control shafts because, without it, 
as the altitude increases the pressure difference will 
force a combustible charge out around the throttle 
shafts and impair the action of the mixture control. 

My experience with the breaking-up of the fuel by 
the impeller does not agree entirely with Mr. Duesen- 
berg’s. About two years ago we had a Curtis D-12 
engine with a 7500-r.p.m. centrifugal supercharger and 
suction-type carbureters in the altitude chamber of the 
Bureau of Standards, and we reduced the pressure and 
the temperature of the air to the carbureter simultane- 
ously. We have made several runs in the dynamometer 
laboratories, and the distribution, we thought was al- 
most perfect on the ground, the flames from the various 
cylinders being absolutely uniform. We were using 
six-cylinder gallery-type manifolds. When we went up 
to altitudes where the mixture temperature was re- 
duced because of the lower inlet-air temperature, we 
found that No. 1 cylinder gave a great deal of trouble 
on the left bank. We took the spark-plugs out and 
found them badly carbonized. We found that this was 
due entirely to the inferior distribution resulting from 
the lower mixture-temperatures. The actual speed of 
the supercharger was the same as it had been on the 
ground, hence the mechanical atomization was the 
same; but the temperature of the mixture from the 
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supercharger was so much lower that difficulty resulted, 
Substitution of standard three-cylinder-type manifolds 
for the gallery type increased the output by 50 b.hp. 
at 25,000 ft., showing that distribution remains an im- 
portant problem, even with supercharged engines. 


CENTRIFUGAL-SUPERCHARGER RESEARCH 


PRESIDENT W. G. WALL’:—To get more power out of 
automobile engines, especially those used in passenger- 
cars, it has been my opinion for some time that the 
next step would be the use of superchargers. This has 
been borne out by the experience with racing-car en- 
gines and with airplane engines for high-altitude work. 
I know of no other practical way to get high volumetric- 
efficiency at high speeds. 

There are several different kinds and types of super- 
charger: blower, centrifugal, vane, and piston types. 
Each has advantages and disadvantages. It is a ques- 
tion whether we have yet hit upon the one that will 
eventually be used. The centrifugal and the vane types 
can best be applied to a passenger-car engine by using 
a very small engine having a high compression-ratio, 
then attaching the supercharger to get high efficiency, 
cutting in the supercharger when it is desired for hill- 
climbing, acceleration and high-speed work. This would 
give a large expansion-ratio, especially at the normal 
speeds, which would mean good economy. Efficiency, of 
course, increases with the expansion ratio and not nec- 
essarily with the compression ratio, whereas, all other 
things being equal, the power developed is directly 
proportional to the weight of the charge that is burned 
per unit of time. 

Research work that I conducted for the Marmon 
Motor Car Co. was with the centrifugal-type super- 
charger. This research was suspended because of the 
pressure of other work. The supercharger on a certain 
passenger-car engine at about 3000 r.p.m. gave an in- 
crease in horsepower of from 18 to 20 per cent. I think 
we see how we could get possibly 30 per cent. There 
was considerable friction in the method of driving the 
supercharger. 

We first tried the turbo type, using exhaust gas to 
drive it, but with rather indifferent results. I think 
this was partly due to the design of the turbine. It is 
a question, however, whether the exhaust-gas turbine 
is practicable, except at the high altitudes and where it 
is desirable not to muffle the exhaust. It is always 
difficult to find a way to drive the supercharger, espe- 
cially on engines that have already been built; and it is 
difficult to eliminate the noise, especially at high speeds. 

On two-cycle engines it is necessary to use some sort 
of piston-type supercharger or else a blower, and espe- 
cially on Diesel engines, because the supercharger is 
used all the time. In some development work being 
done by the American Machine & Foundry Co. on a 
two-cycle engine, some excellent results have been ob- 
tained with a piston-type supercharger. On a little 
engine of less than 150-cu. in. capacity about 45 hp. is 
secured at 1500 r.p.m., which is very good. 

One trouble in all supercharging work, when an effort 
is made to cool the gas from the supercharger, is in 
starting the engine; that is, when the supercharger is 
used all the time and is direct connected. If the gas 
is cooled sufficiently for smooth running, it is difficult 
at the start to avoid a certain amount of backfiring. 

T. J. LITLE, Jr.°:—The use of superchargers is bound 
to come. When we see a result like that which Mr. 
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Schwitzer has clearly shown, we realize that a super- 
charger must be used. Superchargers are not yet suf- 
ficiently developed mechanically, but that will come 
eventually, because thousands of engineers are thinking 
along this line. Supercharger application must be ac- 
complished. When racing-car engines were reduced to 
their present size, superchargers had to be used; the 
cars now look like passenger-cars. We have reached 
the point in the manufacture of automobiles where the 
public is requiring superior performance and we are 
putting ponderous engines, of from 100 to 125 hp., into 
cars weighing 3500 lb. They are out of proportion, out 
of reason. The engines are too large and too heavy. 
Superchargers must be used or the engines will become 
still larger. The public will demand still more power, 
because power is being used competitively among the 
different companies to sell the cars; hence, we must 
use superchargers and, in my opinion, they will be 
greatly developed. 
DANGER IN INCREASED ACCELERATION 

ProF. H. M. JACKLIN':—Engines running at low 
speed with wide-open throttle have at present a drop 
in pressure through the carbureter and past the throt- 
tle-valve of from 0.5 to 2.0 in. of mercury. As the speed 
is increased the pressure drop increases. I am wonder- 
ing whether, instead of applying the name “super- 
charger,’ we should not apply the word “pressure- 
restorer.” If we build an engine for a given fuel and 
use the maximum compression-ratio that will not give 
detonation at the driving speed, we cannot supercharge 
the engine any more; we cannot force any more air into 
it without increasing the pressure and without detona- 
tion. If we increase the speed of the engine, and the 
manifold or inlet pressure decreases, we can then use 
a supercharger. By applying a supercharger we can 
restore the pressure throughout the whole speed-range; 
consequently, we can get the power that we ought to 
get from the engine. 

We build the engines with relatively small manifolds 
to get low-speed operation, as we must maintain rather 
high manifold velocities to keep the fuel in suspension. 
As soon as we increase the speed, the pressure drop 
through the manifold becomes excessive. The super- 
charger can then come in to restore the pressure and 
give us low-speed operation, we might say, at high 
speeds. 

I wonder what the psychological effect will be on 
some operators whose coordination is poor, if the ac- 
celeration in the low-speed range is doubled. Such 
drivers cannot operate with entire safety the cars hav- 
ing the acceleration that is already available; we see 
them every day climbing up the back of some other car 
or up a telephone pole. What will happen with such a 
driver when the acceleration is doubled in that speed 
range? 

LouIs SCHWITZER’:—Professor Jacklin is right. All 
we reaily intend to give is 100-per cent volumetric- 
efficiency. The usual engine runs at about 85 per cent 
of efficiency up to 1200 r.p.m. At 3000 r.p.m., the volu- 
metric efficiency drops to about 70 per cent. The per- 
centage of increase in power output is 1.8 times the 


—— 
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increase in percentage of volumetric efficiency. If the 
volumetric efficiency of an engine at 3000 r.p.m. is in- 
creased from 70 per cent to 100 per cent, the increase 
in power output will be 56 per cent. This is worth- 
while. We do not want to double the acceleration or to 
double the power; all we want is to replace large en- 
gines with much smaller ones that will give the same 
performance. This can be done only with the aid of 
superchargers. We do not want to put superchargers 
on the large engines; but even this can be done eco- 
nomically if anyone wants to get 90 m.p.h. or more. 
Average cars that will show this performance have 
engine speeds of 3700, 4200 and even 4400 r.p.m. If 
the same engine were equipped with a supercharger, it 
would give the same performance at 3000 r.p.m. This 
is well worth working for. For lower-speed perform- 
ance, it is only a matter of the ratio of the super- 
charger speed or supercharger size to the piston dis- 
placement; the necessary flexibility can be secured at 
any speed desired. 

Mr. LITLE:—Why is it necessary to maintain the 
present combustion-space in an engine that is equipped 
with a supercharger; why not increase this space, build 
up the pressure with the supercharger and increase the 
power ? 

Mr. SCHWITZER:—It is not necessary to maintain the 
same combustion-space. In connection with super- 
chargers, all the engines I have known and worked with 
have been designed specially for supercharger equip- 
ment. I agree with Mr. Berger, that a supercharger 
cannot be attached to an ordinary passenger-car engine 
and give the performance that it will give if the engine 
is designed specially for it. Compression-chambers 
that can be used in connection with superchargers 
without detonation with available fuels can be designed 
with a 5.1-to-1 or even a 5.4-to-1 ratio. I ran an engine 
with a supercharger that had been giving a ratio equiv- 
alent to 7.38.to 1 with ordinary Red Crown gasoline 
without detonation. It seems to me' that, with a super- 
charger, better scavenging and a mechanical turbulence 
are produced, and these eliminate detonation. 


WEIGHT AND COST CONSIDERATIONS 


LON R. SMITH’:—It seems to me that drivers in 
general are interested in what the saving in car weight 
would be, that is, in the frame and engine, and in other 
savings; and in how these would balance up with the 
additional cost of applying a supercharger to the pres- 
ent-day car. We all know that we are trying to get 
more power for our money and more performance and 
power out of the car. If Mr. Schwitzer has any data on 
what the saving would amount to, they would be in- 
teresting to me as an ordinary consumer. 

Mr. SCHWITZER:—The price of an article is relative; 
it depends upon the type of equipment one has, and on 
how well one knows how to make the article. Although 
equipped with engines having the same piston displace- 
ment, you will find that one car will sell for about $900 
while anotner will sell for about $2,000. If the power- 
plant with supercharger from the $900 car were put 
into the $2,000 car and the chassis were made 6, 8 or 
10 in. shorter, the weight were 600 lb. less, and the same 
quality of trimmings were put into the body as in the 
larger car, this car, with the same riding-qualities, the 
same seating-comfort, and the same performance, would 
cost not more than $200 more than the $900 car; and 
it would be almost $1,009 cheaper than the $2,000 car. 






















By C. A. 


PENNSYLVANIA, Derroir AND CuIcaco SEcTIONS PAPER 





LECTRIC transmission is being applied to motor- 

coaches because of certain advantages which it 
has over mechanical transmission, such as increased 
acceleration, easier driving, smoother operation, and 
greater freedom in the arrangement of the units. 

The paper relates principally to the performance 
characteristics and design features of some of the 
motors and generators used for this purpose. The 
speed-torque and electrical characteristics of the gen- 
erators and motors are described, both separately and 
as related to the engine performance and the speed 
and tractive effort requirements of the vehicle. The 
efficiency is compared with that of the mechanical 
transmission, and methods of electric braking 
described. 

Important mechanical requirements for the motors 
and generators are discussed, and methods of mount- 
ing for both the single and double-motor types of 
drive are illustrated. Advantages of the electric 
transmission as compared with the mechanical trans- 
mission are listed, and it is pointed out that the gas- 


are 


SE of a generator and a motor, or some modi- 

fication of this ‘combination, as a means of 

transmitting power from a gasoline engine to 
the wheels of an automotive vehicle is not new. A 
number of gas-electric rail-cars that were placed in 
service more than 20 years ago are operating today. 
The use of this kind of transmission on automobiles is 
almost as old as the use of mechanical transmission. 
Reviewing only a few of the many patents covering 
electric transmissions will show that inventors have 
been thinking along these lines for many years. 

Many of the patented schemes have never developed 
into practical working equipments. The reasons for 
this are no doubt varied, but in most cases the desired 
operating characteristics were not actually obtained, or 
were obtained by a system inherently complicated to 
construct or to operate. Development of the modern 
motorcoach has stimulated new interest in the electric- 
transmission principle which has placed in service more 
than 1500 gas-electric coaches during the last few 
years. 

The use of a direct-current generator to convert the 
engine power, with an entirely separate motor or 
motors to reconvert the electrical power from the gen- 
erator, has proved to be the most practical scheme, and 
nearly all of the gas-electric coaches in operation today 
are equipped in this manner. 

The object of any transmission on a vehicle driven 
by a gasoline engine is to use the engine power to the 
best advantage at all times, with as little effort as pos- 
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electric type of drive may play an important part in 
the present tendency toward a vehicle arrangement 
in which the engine is placed elsewhere than at the 
front. 

This paper was presented at meetings of the Penn- 
sylvania, Detroit and Chicago Sections, and the oral 
and written discussion at all three meetings is ap- 
pended. It includes the views of the representatives 
of other manufacturers of electrical equipment, of 
engine builders, and of builders and operators of mo- 
torcoaches. Similar transmissions for taxicabs and 
private passenger-cars are discussed, and data are 
given on the relative cost, durability, availability and 
general desirability of electric and mechanical trans- 
missions, with reasons for the views expressed. 

Opinion seems to be general that the electric trans- 
mission is economically desirable for city use, where 
stops are frequent, while those who expressed them- 
selves regarding interurban routes considered the 
additional cost and weight unwarranted for service 
on them. 


sible on the part of the driver, and with the minimum 
wear and tear on all parts of the vehicle. It is natural 
tor those who are familiar with the operation of elec- 
trical machinery to expect that this object can be more 
fully accomplished by an electric transmission than by 
the clutch and sliding-gear transmission ordinarily 
used on automobiles. The need for an improvement 
over the usual transmission is not so apparent on or- 
dinary automobiles, where the number of gearshifts 
per day and the power required for acceleration are 
relatively low. 


WHY THE MOTORCOACH IS DIFFERENT 


However, the problem on the motorcoach, especially 
in city operation, is much different. The size of the 
modern coach necessitates the transmission of a large 
amount of power. Smooth and rapid acceleration are 
of greatly increased importance in obtaining patronage. 
Simplified duties for the driver and reduction of con- 
centrated throughout the whole vehicle are 
items of vital importance to successful operation. The 
electric transmission produces smooth acceleration be- 
cause there are no sudden changes in the ratio of en- 
gine and propeller-shaft torques. In the absence of 
these sudden changes, the peak stresses at the time of 
change are eliminated and the large amount of power 
being transmitted is handled by _ well-distributed 
stresses. Acceleration is rapid, because no time is lost, 
as when shifting gears with the mechanical transmis- 
sion. The driver’s duties are simplified, because the 
speed-torque characteristics are such that acceleration 
is practically automatic, the driver being required only 
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GAS-ELECTRIC 
to operate the engine throttle and the steering-wheel 
during the accelerating period. 

It is the object to describe in this paper the per- 
formance characteristics and design features of some 
of the motors and generators that are being used suc- 
cessfully on gas-electric motorcoaches today, and to 
point out the relation of these characteristics and fea- 
tures to the vehicle as a whole. 

In general, the problem is to so change the speed- 
torque characteristics, as furnished by the gasoline 
engine, as to suit them to the instantaneous require- 
ments of the vehicle for tractive effort and speed. 
These are principally successions of high tractive- 
effort at low speed, with gradually increasing speed and 
decreasing tractive-effort during the accelerating 
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Fic. 1—ENGINE AND MoToR TORQUES COMPARED 
In This Figure the Torques of a Gasoline Engine and a Series- 
Wound Motor Are Compared at Varying Speeds, Assuming Con- 


stant Voltage on the Motor 


period, followed by a period of more or less constant 
speed and tractive-effort. This condition demands a 
wide variation of propeller-shaft torque over the speed 
range, while the gasoline engine furnishes a relatively 
small variation of torque. 


SERIES-WOUND-MoTOR CHARACTERISTICS IDEAL 


The speed-torque characteristic of the direct-current 
series-motor is ideally suited to the requirement of the 
motorcoach, as it has a wide variation of torque with 
speed. Torque curves of such a motor and of a gasoline 
engine are shown in Fig. 1, for comparison. The motor 
chosen is, therefore, logically of the series type. Fig. 2 
shows, as an example, the complete performance-curves 
of a motor used on a two-motor gas-electric motorcoach 
drive, the speed, torque, and efficiency being plotted 
against amperes for different voltages applied to the 
motor. 

Having chosen the type of motor to drive the coach, 
it remains to provide a generator which will properly 
connect the widely different speed-torque characteris- 
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Fig. 2—TYPICAL PERFORMANCE-CURVES OF SERIES MOTOR 


These Are the Curves of One of Two Motors Used in a Gas- 
Electric Motorcoach 


tics of the engine and the motor. The operation should 
be made as nearly automatic as possible. 

For simplicity of explanation, a condition of constant 
engine-speed will be considered, representing constant 
engine-horsepower with full throttle, as shown in Fig. 
3. The generator performance can be analyzed best 
from a viewpoint of constant available engine-horse- 
power output or generator-horsepower input, at a cer- 
tain constant speed. For example, when accelerating, 
it is desirable to obtain full power from the engine, and 
the engine should be run at a speed corresponding to 
what we might call its normal maximum horsepower 
throughout the accelerating period. Under this con- 
dition of constant generator-input a wide variation of 
current is required from the generator by the motors, 
due to the changing tractive-effort and speed-require- 
ments of the vehicle. At the instant of start, the motor 
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Fic. 3—TORQUE AND POWER CURVES OF A GASOLINE ENGINE 
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torque and current requirements are large, gradually 
decreasing as the speed increases. 


ADJUSTING THE GENERATOR REGULATION 


The problem of obtaining constant generator-input 
over a wide range of current output is a matter of ad- 
justing the voltage regulation, at least approximately, 
to such a form that 


7.46 


. input x efficiency 
Volts = ~ 


amperes 

input being measured in horsepower and efficiency in 
percentage. If the efficiency is known, the voltage re- 
quired to produce a certain constant horsepower-input 
can be calculated from the foregoing formula. The 
curve thus obtained is the full line marked Volts in 
Fig. 4. To be exact,.the efficiency used must be at the 
voltage obtained, so that a cut-and-try process must be 
used in finding the desired voltage curve, starting with 
an assumed efficiency and then calculating the efficiency 
at the voltage obtained. It will be noted from the 
chart that it is not feasible to obtain constant input at 
very small ampere values, since the voltage would be 
very high. The maximum voltage must be limited to 
a value that is safe in consideration of the flashing 
characteristics and insulation of the generator and 
motor. This is shown by the horizontal part of the 
voltage curve in Fig. 4. 

A close approximation of this desired voltage-regu- 
lation curve can be obtained in several different ways, 
all of them based on the principle of suitably increasing 
the field strength as the current decreases from its 
maximum value. The shape of the curve is suggestive 
of differential compounding; but, due to the relatively 
high current-values at the beginning of acceleration, 
the armature reaction supplies all the differential action 
required, and it is sometimes necessary to apply a few 
cumulative series-turns to the main field to keep the 
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Fig. 4—CHARACTERISTICS OF A MOTORCOACH GENERATOR 
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Fig. 5—FIELD CIRCUITS OF A MOTORCOACH GENERATOR 


voltage from falling too low at the higher values of 
amperes. The circuits of a typical gas-electric motor- 
coach generator are shown in Fig. 5. The principal 
part of the field excitation is obtained from the self- 
excited shunt-field. The object of the small battery- 
field is to obtain a positive initial building up of the 
magnetic flux. 


ACCELERATING WITHOUT GEARSHIFTING 


With a generator-regulation curve closely approxi- 
mating the constant-horsepower type over the range of 
amperes used during acceleration, the control of the 
vehicle power is entirely by means of the engine throt- 
tle. This is one of the most important advantages of 
the electric drive, as it means a marked reduction of 
the driver’s duties, as compared to the mechanical 
transmission, with the frequent gearshifting required 
in city traffic. 

Fig. 6 shows typical generator-performance charac- 
teristics for various speeds, with efficiency, horsepower 
and voltage plotted as ordinates against amperes as 
abcisse. 

The principal factors that must be known in setting 
the generator regulation correctly for a given engine 
are the speed at which it is desirable to run the engine 
during acceleration of the vehicle, and the horsepower 
that the engine will furnish at that speed. The horse- 
power to be considered is the net horsepower at the 
engine crankshaft, under the average condition as 
operated on the vehicle. Experience has shown that 
this is about 85 per cent of that shown by the engine 
manufacturer’s factory-test horsepower-curve, which is 
made with more nearly ideal conditions of cooling, car- 
bureter setting, fuel, and lubrication; and usually with- 
out all of the auxiliaries, the air compressor in 
particular. 

If the engine does not supply the power for which 
the generator is set, the generator will overload the 
engine and cause it to slow down to a speed at which 
the engine power is equal to that required by the gen- 
erator. That such a balancing point will soon be 
reached is due to the fact that the horsepower of the 
generator decreases faster with speed than does that 
of the engine. This can be checked from Fig. 6 by 
noting, for example, that at 300 amp. the generator 
horsepower at 1400 r.p.m. is less than 14/16 of that at 
1600 r.p.m. If the generator voltage, and consequently 
its horsepower input, is set too low, the engine will 
speed up until the generator input does balance the 
engine output. This feature of the generator charac- 
teristics is necessary in order to hold a fairly constant 
engine-speed with slight variations in engine condition, 
or because of variations between individual engines. 
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Knowing the net engine-horsepower at various 140 
speeds, the engine-generator balancing-speed can be ob- 120 ++ 
tained from the other curves of Fig. 6 by plotting the 109 --}-_-_-. 
net engine-horsepower output at the different speeds 5 “ff 
on the generator-horsepower curves of corresponding 3 80>——- 
speeds. (Curve A-B.) This gives a relation between 3 ¢9|/—+—1 
generator amperes and speed for the combined action oa 4 hs 
of generator and engine. 
ADJUSTMENT PROVIDED FOR EXTRA POWER OT Pia 
Q ba he eee ORE Bs | x 
Under certain conditions, such as hill climbing or 0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 315 400 
when increased acceleration-rate is required with heavy Current, amp. 
loads, it is desirable to operate the engine above its Fic. 7—~EFrect oF INTRODUCING RESISTANCE INTO THE GEN- 


“normal maximum” speed and power. Assume, for 
example, that the usual speed during acceleration is 
between 1400 and 1600 r.p.m. A speed of 1800 to 2000 
r.p.m. would supply the extra power needed in an emer- 
gency. This requires a change in generator setting 
that will allow the engine to reach this speed. Such a 
change is accomplished by inserting a resistance in the 
shunt-field circuit. This lowers the generator voltage 
and horsepower for a certain speed at a given current, 
and allows the balancing speed and horsepower to be 
higher. 

This seems like a paradox at first thought, but it 
should be remembered that this is simply a change in 
the generator characteristic which allows it to balance 
the engine at a higher speed and horsepower. The 
change in generator characteristic resulting from weak- 
ening the shunt field is shown in Fig. 7. The insertion 
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Fic. 6—TYPICAL GENERATOR-PERFORMANCE CURVES 


ERATOR SHUNT-FIELD 
The Full Lines Represent the Generator Input with Normal 


Setting and the Dotted Lines Show the Effect of the Resistance. 


Curves A-B and C-D Represent Corresponding Engine-Generator 
Balancing-Conditions 


of resistance in the field circuit for this purpose cannot 
easily be made automatic, as it is only under special 
conditions of extra tractive-effort requirements that it 
is desirable to work the engine at the speed equivalent 
to maximum horsepower. A normal setting to operate 
at this speed would be detrimental to the engine life. 

One method which has proved quite satisfactory is 
to provide a foot switch which normally short-circuits 
the resistance and which opens and places the resist- 
ance in the circuit when depressed. Another method is 
to provide a field rheostat having several notches, as 
shown in Fig. 5, with a handle on the instrument board. 
The amount of speeding up of the engine can then be 
varied in steps according to the service conditions en- 
countered. An advantage of this arrangement is that 
this rheostat can be used as an adjustment for engine 
condition. If for any reason the engine horsepower 
becomes low the generator setting can be changed so 
that the desirable power will be maintained. It should 
be remembered that the operation of the foot switch or 
rheostat is only an occasional duty for the driver, not a 
regular duty. 

An important feature of the generator design affect- 
ing acceleration is its ability to build up quickly when 
the driver steps on the accelerator pedal and the engine 
speed changes from idling to its normal speed for accel- 
eration. This characteristic is obtained by proportion- 
ing the field coils for minimum self inductance. 

It may be well to note here that the engine charac- 
teristics desired for use with the gas-electric drive are 
somewhat different from those for the mechanical drive. 
A high rate of speed pick-up and higher horsepower at 
the high speeds probably are the two most important 
differences. The use of a heavy flywheel is not desira- 
ble, and the maintenance of high torque at low speeds 
is not so necessary as with the mechanical transmission. 
Several engine-manufacturing companies have made 
studies of these requirements and have made changes 
that have resulted in much improved acceleration of the 
vehicle. 

ELECTRICAL EFFICIENCY 


One of the questions most often asked about the gas- 
electric type of drive is: “What is the efficiency of the 
electrical apparatus?” Generators and motors neces- 
sarily have losses, and it is only fair that the inquirer 
should know accurately what these losses are. Fig. 8 
shows the combined efficiency of the motor of Fig. 2 
and the generator of Fig. 6. The efficiencies correspond 
to the engine-generator balancing-speeds, which are 
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also indicated. It is important that the efficiencies be 
held as high as pessible for the size of machine in 
question at the heavy ampere loads. This is accom- 
plished by using a design with as low resistance as is 
consistent with the allowable weight. The use of a 
“copper” design in both motor and generator mini- 
mizes the J’R losses at the initial accelerating currents. 

The mechanical transmission is reported to have an 
efficiency of around 88 to 95 per cent, and a direct com- 
parison of this efficiency with that of the electrical 
transmission is, of course, unfavorable to the latter. 
It is incorrect, however, to draw conclusions from the 
comparison of these efficiencies alone, since the real 
comparison is that of fuel consumption and compara- 
tive acceleration. Road tests of similar vehicles, some 
equipped with mechanical and others with electric 
transmissions, have indicated with a fair degree of ac- 
curacy that fuel consumption with the electric drive is 
10 to 20 per cent greater than with the mechanical 
drive. The improved acceleration of the electric trans- 
mission, with resulting speeding up of schedules, is 
now well established. Knowing that the fuel item usu- 
ally is less than 15 per cent of the total expense of 
motorcoach operation, and considering the better use of 
the engine power during acceleration, the operator 
does not need to be concerned by a direct comparison 
of the efficiencies of the electric and mechanical trans- 
missions. 

It is often valuable to have in a single set of curves 
the combined balanced performance of engine, gener- 
ator and motors. Fig. 8 represents such a combined 
curve, and gives the values of the different items 
plotted against the common base of generator amperes. 
Such a combined curve can be obtained from the en- 
gine, generator, and motor-performance characteristics, 
or, if all are not available, it can be obtained by an 
actual test of the apparatus on the vehicle by taking 
readings over the range of speeds and tractive efforts. 


UsE OF COMMUTATING POLES 


Good commutation and freedom from flashing are 
essential to long life and low maintenance cost of any 
direct-current machine. The commutator, brushes and 
brush holders are wearing parts, and they must be con- 
sidered with the idea of making the wear and result- 
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ing maintenance as low as possible. Continual spark- 
ing at the brushes not only produces wear of these parts 
but often is accompanied by flashing or arcing across 
the face of the commutator from one brush to another, 
or to some grounded part of the machine. The worst 
conditions for sparking are those of high ampere-load 
and high speed, and commutating poles are necessary 
on the generators and motors for gas-electric coaches 
because of the high instantaneous starting-loads on 
both motor and generator, and because of the relatively 
high speed of the motor. 

The non-commutating-pole machine cannot be de- 
signed for sparkless commutation at all loads, because 
of the shifting of the magnetic field by the armature 
reaction. The commutating pole compensates for this 
field-shifting and produces practically sparkless com- 
mutation, with comparative freedom from flashing over 
the wide range of speed, voltage and current encoun- 





Fic. 9—VENTILATION DIAGRAM OF MOTOR 


tered in this service. Instantaneous values of current 
during acceleration often reach 3 to 3% times the rated 
current. The commutating-field winding being in series 
with the armature, its compensating effect is propor- 
tional to the load current of the machine. The produc- 
tion of good commutation by the use of the commu- 
tating-pole winding naturally requires some power, and 
this power is the /’R copper loss in the interpole-field 
winding. The resistance of the interpole field usually 
is between 15 and 25 per cent of the total generator or 

" motor resistance, depending on several details 


z of design. 

= Two types of electric braking are in use now 
© on gas-electric motorcoaches. One of these is 
straight dynamic braking, which is accom- 


plished by disconnecting the motor or motors 
from the generator, reversing the fields, and 
connecting to a loading resistance. The effect 
is that the motor builds up as a series genera- 
tor, exerting a reverse torque on the propeller- 
shaft. This method of braking is especially 
adapted for use as an emergency brake in 
traffic, or for holding the vehicle at a definite 
speed when descending a grade. The brak- 
ing effect has a definite relation to motor speed 
and to the value of the resistance in the circuit. 
= An electric-braking pedal usually is provided, 
through which the value of the braking resist- 
ance can be varied. When descending a uni- 
form grade, the coach can be kept at a constant 
spced with no effort except that of holding the 
pedal in a certain position. 
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Fic. 10—ARMATURE OF MOTORCOACH GENERATOR 


The other braking method in use is to reverse the 
connections of the motor to the generator and insert a 
resistance in the circuit. With this connection, de- 
pression of the accelerator pedal tends to run the motor 
in the reverse direction. This type of braking usually 
is reserved for use as an emergency brake, as its sever- 
ity is dependent upon the driver’s judgment in opening 
the engine throttle. 


GENERAL MECHANICAL REQUIREMENTS 


The general mechanical problem of the design of the 
generators and motors is to provide machines of suffi- 
cient capacity to produce the desired performance as 
to acceleration and running speed, with due considera- 
tion also to the following conditions: 

(1) Minimum weight 

(2) Minimum maintenance 

(3) Shape adapted to mounting in the vehicle, with 

regard for accessibility, ground clearance, and 
minimum floor interference 

(4) Quiet operation 


Light weight is an essential in all motorcoach equip- 
ment, and it is obtained in the motor and generator by 
the use of high-strength aluminum castings where steel 
or iron is not needed as a part of the magnetic circuit. 
The use of asbestos and mica insulation, permitting 
higher operating temperatures of the windings; a 
highly efficient unidirectional ventilating fan on the 





Fic. 11 
This Self-Contained Powerplant Is Mounted at the Rear of the 
Vehicle 


ENGINE-GENERATOR UNIT 
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armature shaft; and relatively high peripherial operat- 
ing speeds are additional factors for obtaining a high 
horsepower-rating per unit weight of machine. 

A special scheme of ventilation is used, which pre- 
vents the ventilating air from coming into contact with 
the commutator and brushes. This keeps dust and 
spray from these current-carrying parts, and is an im- 
portant factor in obtaining long brush-holder, carbon- 
brush, and commutator life. Fig. 9 indicates the 
method of baffling the ingoing air to keep it away from 
the commutator and brushes. 

The armature bearings are of the ball or roller type. 
Long life is obtained by selecting bearings that are 
suitable for the loads and speeds encountered, and by 
the use of bearing enclosures that keep in the lubricant 
and keep out the dust. 





Fig. 12—FRAME MOUNTING OF ENGINE AND GENERATOR 


This Powerplant Is Mounted in the Conventional Position in 
Front and Can Be Removed Conveniently 


Quietness of operation of both motor and generator 
is necessary, to be in keeping with the other features 
of smooth operation of the gas-electric coach. Special 
attention must be given to this point on account of the 
relatively high speed of the motor armature and the 
rapidly changing speed of the generator armature each 
time the accelerator pedal is depressed. Brush noise 
is minimized by special brush-holders with inclined 
carbons; fan noise, by the correct shaping of fan and 
air outlets; and magnetic noise, by the use of skewed 
armature-slots and proper proportioning of all parts of 
the magnetic circuit subject to flux variations. 

The armatures are made safe for the high peripheral 
speeds encountered by special banding and commutator 
construction and by accurate dynamic balance. Fig. 
10 illustrates the construction of a typical armature. 


TYPES OF GENERATOR MOUNTING 


The general shape of the generator depends on its 
method of connection to the engine and its position in 
the vehicle. The most satisfactory mechanical connec- 
tion requires accurate alignment between the generator 
and engine. In Fig. 11 is seen a generator that is 
bolted solidly to the engine through an adapter casting, 
accurate alignment of the generator-shaft, with the 
engine crankshaft being assured by means of bored 
and turned fits. The generator has but one bearing, 
the engine end of the armature shaft being piloted in 
a bushing in the end of the crankshaft, with a flexible- 
disc coupling for power connection. This unit power- 
plant can be removed very easily, especially when lo- 
cated in the unique position shown in Fig. 11, across 
the rear end of the vehicle. 

Fig. 12 shows a generator and engine mounted on a 
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Fic. 13—GENERATOR DRIVEN THROUGH HOLLOW ARMATURE- 
SHAFT 


To Allow for Mounting Close to the Engine, with Universal- 
Jointed Shaft Drive, the Armature Shaft Is Made Hollow. The 


Drive-Shaft, Which Is Seen Projecting at the Left, Drives through 
the Universal-Joint at the Extreme Right of the Cut 


structural-steel sub-frame and connected by means of 
a flexible-disec coupling. This powerplant is located in 
the conventional position, but it can be removed more 
easily than the usual engine. The side members of the 
sub-frame act as slide rails resting against the corre- 
sponding supporting members of the chassis frame. 
The generator shown in Fig. 13 is particularly 
adapted for mounting directly back of the usual engine 
position without necessarily being in accurate align- 
ment. An adapter, bolted to the engine, supports one 
end of the generator at two points, one of which is 
shown drilled at the left, while the other end is clamped 
against a cross member of the chassis at the cylindrical 
surface next to the rear head of the unit. The gener- 
ator can be lowered from its position by taking out the 
two front supporting-bolts and unbolting the semicircu- 
lar clamp at the rear. The engine power is transmitted 
to the generator through two flexible couplings, one at 
each end of a small-diameter shaft which passes 
through the center of the hollow armature-shaft. This 
arrangement is practically equivalent to connecting the 
engine to the generator by a propeller-shaft and two 
universal-joints, yet allows the generator to be very 
close to the engine so that there will be little inter- 
ference with the floor just back of the dash. The out- 
line of the generator is suited to this location. The 
relatively small diameter results in the minimum of 
floor interference and the necessary ground clearance. 


LATITUDE IN MOUNTING OF MOTOR 


The fact that the motor is mechanically independent 
of the engine allows considerable freedom in its loca- 
tion. The factors determining its position are the 
method of gearing to the axle and the shape of the 
chassis or bogie truck. 

Fig. 14 illustrates a type of motor suited to being 
supported from two cross-members of the chassis. The 
shaft-extension end faces the rear axle and is bolted up 
to one frame-cross-member through the two support- 
lugs, one of which is seen at the right in the illustra- 
tion. The other end is supported from a second cross- 
member by a single bolt through the lug shown at the 
left. Two motors of this type are placed side by side, 


each driving one rear wheel through a propeller-shaft, 
two universal-joints and a worm-gear reduction. 
allows 


This 


drive eliminates the differential and greater 
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ground-clearance under the motors than would exist if 
a single motor of twice the capacity were used with the 
same height of floor. 

A single motor can be used if the floor is raised 
slightly; and it has several points of advantage over 
the double motor, since it permits the use of a conven- 
tional rear-axle, reduces the weight and the number of 
pieces of apparatus, and has better electrical efficiency 
than two smaller motors. 

Another method of using an ordinary rear-axle is to 
mount two small-diameter motors in tandem, as shown 
in Fig. 15. This requires shaft extensions on both 
ends of one of the motors and a coupling between the 
two. The mounting feet are placed at the sides, in this 
case. 

Fig. 16 illustrates a type of drive developed by one 
builder for his eight-wheel gas-electric motorcoach. 
Each vehicle has two bogie trucks, the outstanding ad- 
vantage of their use being the short turning-radius 





Fig. 14—MOTOR WITH SUPPORTING LUGS AT THE ENDS 


that is possible with a coach of considerable length. 
The motors are provided with trunnions and are sus- 
pended on links that are free to oscillate on trunnion 
brackets fastened to longitudinal channels of the bogie 
irame. A spherical casing, the two sides of which are 
fastened rigidly to the housings of the motor and of the 
axle, encloses a single universal-joint and also acts as 
a motor support. 


ADVANTAGES AND DISADVANTAGES LISTED 


In conclusion, it may be well to enumerate the more 
important advantages and disadvantages of the electric 
drive for motorcoaches, as compared with the mechani- 
cal transmission. The advantages may be listed as fol- 


lows: 

(1) Increased schedule-speed can be sustained, re- 
sulting in more revenue-miles per day 

(2) Driver’s duties are decreased, resulting in a re- 
duction in the number of accidents and a more 
attractive job for the driver 

(3) Smoother operation, resulting in increased 
patronage and longer life of the engine, chas- 
sis, and the vehicle as a whole 

(4) Greater freedom of body arrangement, the en- 
gine being mechanically free from the pro- 


peller-shaft 
Against these advantages may be listed the follow- 
ing disadvantages of electric transmission: 
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F (1) Increased first-cost 
st if (2) Increased weight 
the (3) Slightly increased fuel-consumption 
ised | The future of the gas-electric motorcoach and the 
over | general adoption of the electric transmission depends, 
ven- of course, on the economic evaluation of its advantages 
r of as compared with its disadvantages. : This evaluation 
ency can be made accurately only by comparison of operating 
° records for a period of years. Some operators have 
is to | been convinced of the advantages to the extent of plac- 
own ing in operation large numbers of gas-electrics, while 
both | others are not yet convinced. It is significant that the 
- the largest users of gas-electric coaches have increased the 
this number of vehicles of this type. 


It is not the intention to provide figures in this paper 

onli for an economic comparison of the two types of trans- 
ach. mission but rather to explain the working principles 
» oii and design features of the electric drive so that, with 
dius 4 a clearer understanding of its performance, operators 
may draw their own conclusions. Advantage (4) 

should not be passed over lightly. Recent developments 

made by builders indicate that the general shape and 
arrangement of the future motorcoach for mass trans- 

portation is to be considerably changed from the pres- 

ent conventional form. The tendency seems to be 
toward the form of a street-car with pneumatic tires, 
placing the engine elsewhere than at the front. The 
electric drive will, no doubt, be an important factor in 


?M.S.A.E.—Transportation engineer, Six Wheel Co., Philadelphia, 
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working out the most suitable arrangement, because 
of the greater freedom it gives in the location of the 


engine. 
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Fic. 16—BocGig TRUCK OF EIGHT-WHEEL COACH 


The Motor Is Supported from the Bogie Frame by Links at 
the Trunnions and form the Axle by a Spherical Housing around 
the Universal-Joint 
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THE DISCUSSION AT PHILADELPHIA 


E. L. CLARK’:—Has Mr. Atwell comparative figures 
on the acceleration of otherwise similar vehicles with 
gear and electric transmissions? 

C. A. ATWELL:—It is hardly possible to secure accu- 
rate figures that will cover the general case. We have 
made many tests on experimental motorcoaches, but the 
results are not entirely consistent. In general, the ac- 
celeration with the gear transmission is slightly better 
at the very first; but over a period of 20 sec. or longer, 
the electric transmission accelerates faster. Under test 
conditions, the electric transmission is about 5 or 10 
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per cent better in coming up to the full speed; but, in 
regular all-day service, the coach with electric trans- 
mission will cover 10 to 20 per cent more miles per day. 
Part of this undoubtedly is due to the fact that the 
driver gets tired in making about 3000 gearshifts in the 
course of the day. 

Guy W. WILSON’*:—The successful and economical op- 
eration of the gas-electric-drive motorcoach led to the 
consideration of a taxicab with the same type of trans- 
mission. The Yellow Cab Co. of Philadelphia and the 
General Electric Co. have cooperated in this develop- 
ment to the extent of building and testing several cabs 
equipped with electric drive. While this development 
is still of a more or less experimental nature, the equip- 
ment has been worked out in detail to a point where 
successful operation can be assured. 

After several cabs equipped with electric drive had 
been designed and tested, it was decided to equip a 
Willys-Knight Model-70A chassis with this type of 
transmission, as the engine of this chassis has the size 
and the characteristics desired. A special rear-axle 
with 9.85-to-1 reduction and a special taxicab body were 
built and installed, the conventional clutch and trans- 
mission were removed, and the electric transmission 
was installed. The electrical equipment consists of a 
direct-current shunt-wound commutating-pole gener- 
ator direct-connected to the gasoline engine, a direct- 
current series-wound commutating-pole motor direct- 
connected to the drive shaft, and suitable control for 
connecting the generator and motor for forward or re- 
verse vehicle movement. Control of the vehicle speed 
is obtained by throttle control of the engine, and the 
control is arranged so that the engine speed cannot ex- 
ceed 2000 r.p.m. at any vehicle speed up to 40 m.p.h., 
which is the free running speed of the loaded cab on a 
level road. This completed cab, without passenger load, 
weighs approximately 3900 lb. 


TESTS OF GAS-ELECTRIC TAXICAB 


This cab was tested with a total weight of 4600 lb. 
From a standing start a speed of 10 m.p.h. was reached 
in 3 sec.; 20 m.p.h. in 6 sec., and 30 m.p.h. in 12 sec. 
A 17-per cent grade was negotiated at a speed of 10 
m.p.h., and a gasoline consumption of 15 miles per gal. 
was obtained on a cross-country run. In regular taxi- 
cab service, 13.2 miles per gal. was obtained. 

These records show that a vehicle with a low power- 
weight ratio, equipped with electric transmission, can 
give very satisfactory and economical performance. 
The performance probably is explained by the facts 
that, with electric drive, the engine can be run at its 
maximum-power speed at all vehicle-speeds, and that no 
time is lost in gear changes; and the fuel economy is 
due to the fact that, when the cab is in motion, the en- 
gine is always at almost full throttle, under which con- 
dition its thermal-efficiency is best. 

The flexibility and ease of operation of the electric- 
drive cab probably is best told by an experience during 
our tests at Lynn, Mass. To obtain a true comparison, 
we hired a mechanical-drive cab and a driver for an 
afternoon. Part of the routine test consisted in climb- 
ing and stopping and starting on a 17-per cent grade. 
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After the hired driver had gone through this perform- 
ance several times with the mechanical-drive vehicle, 
he was transferred to the gas-electric. After his first 
trip, he said: “I wish I could have a cab like that to 
drive all the time.” 

Since it is almost impossible for a driver to abuse 
the electric drive, it seems reasonable to expect lower 
maintenance and depreciation charges for a taxicab 
having this type of drive, as has been found with the 
gas-electric motorcoach. The questions of safety, com- 
fort and reliability are of vital importance. The elec- 
tric transmission promotes safety by relieving the 
driver of his duty of shifting gears, provides increased 
comfort by eliminating the shock and noise of gear 
changes, and makes a more reliable vehicle by reducing 
the number of wearing parts. 

P. M. HELDT*:—How much weight is added to the con- 
ventional taxicab by equipping it with an electric trans- 
mission? 

Mr. WILSON :—The equipment we used added about 
650 lb. That can be reduced by 100 lb. in another de- 
sign, but at least 450 or 550 lb. will be added. 


VIEWS OF A MOTORCOACH BUILDER 


A. K. BRUMBAUGH’ :—The engineering department of 
the White Co. has been following the development of 
electric transmissions closely, and has come to the con- 
clusion that its success depends largely on the develop- 
ment of a suitable engine. Most of the 1500 gas- 
electric motorcoaches that now are running are built on 
chassis that were designed originally for mechanical 
transmissions, and significant changes in engine and 
transmission must be made in developing the ultimate 
gas-electric vehicle. 

We have now brought out a gas-electric model based 
on a geared-transmission model weighing about 8000 
lb. and equipped with a 434 x 5%4-in. six-cylinder en- 
gine. The gas-electric chassis weighs about 11,400 lb. 
About 1200 lb. has been added by the necessary changes 
in the frame, rear axle, springs and supporting brackets. 
The electric apparatus itself weighs about 2200 lb. more 
than the mechanical parts that it replaces. 

We believe that there is a definite market for the 
gas-electric vehicle, and that its use will increase. The 
advantages cannot be had for nothing; we build motor- 
coaches practically on a basis of so much per pound, and 
we cannot build a 11,000-lb. chassis for the same price 
that we build an 8000-lb. chassis. 

Mr. Atwell’s curves show the engine running between 
1400 and 2000 r.p.m. under all operating conditions. It 
is never run at low speed, and it is throttled very little. 
When the generator field is reduced for emergency 
power, the engine speed rises to 2200 or 2400 r.p.m. 
We believe that an engine for this service needs a very 
heavy crankshaft with seven bearings, a very substan- 
tial crankcase, and salt-cooled valves. As Mr. Atwell 
says, it is desirable to have an engine with the horse- 
power sustained at high speed, which involves changes 
in timing, higher compression and the highest possible 
efficiency. We believe that the disadvantages of in- 
creased weight and higher cost are met, and that the 
real question is the fatigue of the driver. 

In some cases where a coach with a geared transmis- 
sion requires two men, a gas-electric coach can be op- 
erated by one man. Relieved of the job of gearshifting, 
the driver can collect fares and make change, and he 
can probably get the coach under way more quickly. 
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GAS-ELECTRIC MOTORCOACH DRIVE 


Recently we have produced a chassis which approaches 
our ideal of what a gas-electric motorcoach should be. 
As a result of our brief experience, it has 30 to 40 per 
cent more power than would be required for a me- 
chanical drive; and every comparison we have made 
shows an outstanding superiority over coaches that are 
made by modifying chassis that were designed for me- 
chanical drive. 

A. M. LEONI’:—Would it not be an improvement to 
gear up the generator so that the engine speed can be 
lower and the generator speed higher? 

Mr. ATWELL:—That might be worth investigating. 
It would be desirable in that it would make possible the 
use of a smaller generator, but the necessary gears 
would be objectionable. The present automobile is the 
result of long development; no doubt there will be fur- 
ther development of generators and motors for motor- 
coaches, as they have had the benefit of only 3 or 4 
years’ development so far. 

Mr. BRUMBAUGH :—It is necessary to operate the en- 
gine at about the present speeds to obtain the power 
that is needed. The engine would need to be large to 
develop the same power at 1200 or 1400 r.p.m. Auxili- 
ary apparatus also takes up room. The requirements 
now are for air compressors up to 6000 or 9000-cu. ft. 
capacity and generators of 750 or 800-watts capacity. 


A LEADING OPERATOR SPEAKS 


H. B. HEwItTtT‘’ :—Gas-electric motorcoaches have been 
operated approximately 35,000,000 miles under Mitten 
management in Philadelphia and Buffalo. We believe 
that the additional first-cost and extra weight are more 
than compensated for by the faster schedules and re- 
duction in platform costs made possible. Schedule 
speed probably is faster in Philadelphia than in any 
other motorcoach operation in the Country, because of 
the 100-per cent gas-electric equipment. 

Experience indicates a life of 10 years or longer for 
gas-electric motorcoaches; some of the gas-electric 
omnibuses that are operating in London are about 15 
vears old. Maintenance cost is substantially less than 
for vehicles having geared-transmissions, and our ex- 
perience indicates that longer periods between overhauls 
are permissible. Only recently we extended the period 
between scheduled engine repairs from 8000 to 25,000 
miles, and some of the coaches are operating in Phila- 
delphia after running more than 150,000 miles without 
a general overhauling. 

P. M. HELDT:—Of the 1500 coaches so far equipped 
with electric drive, how many are of the double-deck 
type? 

Mr. ATWELL:—Most of the double-deck vehicles are 
in Philadelphia. ‘There are about 200 of them, some 
seating 67 and others 70 passengers. 

Mr. HEWETT:—Vehicles that are operated by one 
man are being increased in capacity to accommodate 
71 seated passengers. Some of the single-deck coaches 
seat 33 passengers and those of the deluxe type seat 27 
to 29. 

A. H. ABELL’:—The Mack Company, which has made 
a number of gas-electric coaches, is now designing one 
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of a new form having the powerplant in the rear. It 
looks much like a street-car; the driver sits well ahead 
of the front wheels and has a clear vision. For a given 
length, the seating capacity is greater than with the 
engine arranged as usual. This model is not yet on the 
market, but it is being tested in operation. 

CHAIRMAN E. W. TEMPLIN’:—Do you believe that the 
motorcoach resembling a street-car will supersede that 
with the engine in front? 

Mr. ABELL:—There is much interest in vehicles of 
this form, and I believe there will be a greater develop- 
ment along that line. 


Do Not BE BOUND BY CONVENTION 


H. C. GIBSON“ :—The gas-electric motorcoach is at a 
disadvantage because of increased weight and poorer 
economy in fuel, tires and other items. Is it not possible 
to eliminate these disadvantages by departing from the 
conventional arrangement that has been developed for 
the mechanical-drive coaches? For instance, is the 
chassis frame necessary in a gas-electric vehicle? The 
elimination of the frame is no new idea, but would it 
not be more practicable with electric transmissions than 
with mechanical? , 

Mr. ABELL:—That idea has been embodied in the ex- 
perimental vehicles I mentioned. 

Mr. ATWELL:—I should like to ask Mr. Brumbaugh 
what his experience has indicated to be the maximum 
speed at which present engines can be operated with 
economy? The generator can be made for any speed; 
but we would like to have the speed high, because low 
speed requires larger units. 

Mr. BRUMBAUGH :—With a given weight of material, 
more power can be obtained at higher speed. At some 
speed there is a proper balance between the amount of 
material and the results. We believe that engines can 
be built that will operate between 1400 and 2000 r.p.m. 
with adequate life; and that seems to be the speed that 
has been arrived at by the two large electrical-manu- 
facturers working independently. I believe that no 
ordinary engine will endure at that speed. It should 
have the dependability of a marine engine with much 
lighter weight, and it is about the hardest service to 
which the internal-combustion engine can be put. 

Mr. LEONI:—If a gas-electric taxicab were designed 
for a 30-m.p.h. maximum speed, would it not be possible 
to use a smaller engine and smaller electrical equip- 
ment? 

Mr. HEWITT :—It is necessary to remember the desire 
of the American man to hurry. He does not like to see 
other cars pull away from him; besides, a margin 
should be allowed in the size of the engine to permit 
running for a long period without overhauling. 

Mr. LEONI:—Are not six-cylinder engines used in 
taxicabs because of their greater flexibility, and will 
not four-cylinder engines be satisfactory with an elec- 
tric drive? 

A VIsITOR:—The four-cylinder engine would be sat- 
isfactory if it could be balanced to eliminate vibration. 

During the last few years I have had some strange 
experience with engine builders, partly explained by my 
own ignorance of the fact that their power readings are 
taken under ideal conditions which are not maintained 
in service; at least we find about 10 hp. less delivered 
after the accessories have been added. By rearranging 
the valve timing to suit conditions, engine makers have 
been able to give about 20 per cent increase in power at 
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1800 r.p.m. Other improvements can be made some- 
times. 

Mr. HEWITT :—In the engine to which Mr. Wilson has 
referred, the fan alone absorbed 11 hp. We found that 
sufficient cooling can be obtained with the fan running 
at half its original speed, with a reduction of more than 
one-half in the power required. In one type of engine 
the compression ratio was increased from 4.6-1 to 5.56-1, 
with an increase of 30 per cent in power. In another en- 
gine the power was increased in the same proportion 
by better vaporization, with the same fuel-consumption 
per brake horsepower. 

Superchargers are being considered by some Amer- 
ican manufacturers. It is claimed that they will nearly 
double the power of a motorcoach engine. 


THE DISCUSSION AT DETROIT 


QUESTION :—What will the instrument board look like 
on a vehicle of the sort Mr. Atwell has described? 

C. A. ATWELL:—There is not much more on the in- 
strument board than in other motorcoaches. In some 
cases there is a handle for changing the setting of the 
generator shunt-field. Another difference is that some- 
times a special floor-plate is required just back of the 
dash to clear the generator, which interferes with the 
usual position of the floor. 

F. A. WHITTEN" :—The real advantage of a gas-elec- 
tric transmission is not that it eliminates the clutch and 
geared transmission, but that it enables the coach to 
maintain a higher average speed over a route with many 
stops. It is a transmission which gives an infinite re- 
duction at the start, and changes automatically, gradu- 
ally and smoothly, until it gives about the same reduc- 
tion as a mechanical transmission. 

In recent tests we have found that it is possible to 
accelerate a coach weighing over 20,000 Ib. from a 
standstill to 20 m.p.h. in about 121% sec. We have also 
found that the right driver with a four-speed geared 
transmission can get to the same speed in about the 
same time, but that the passenger would not like it so 
well. It takes a skillful driver to do that, and it prob- 
ably is much harder on the mechanism and on the pas- 
senger than is the electric drive. 

I think that the largest purchasers of electric-drive 
coaches are also the largest purchasers of mechanical- 
drive coaches, which indicates that there is a field for 
each. No one yet knows exactly what is the dividing 
line between these two fields. 


DESIGNERS Must KNow NET HORSEPOWER 


A. I. BUTLER” :—One point that I should like to bring 
to your attention is that the engine horsepower actually 
available is very much less than the amount shown by 
the manufacturer’s test curves, which are, of course, 
made under ideal conditions and do not include all aux- 
iliaries. The designer of the electric transmission has 
to start in his design with the engine characteristics, 
and he should have accurate information as to what 
torque-speed characteristics he can depend upon. It 
now is necessary to calculate the horsepower required 
by the auxiliaries, which is unsatisfactory. It would 
be highly desirable if the engine manufacturer’s tests 
could be made to include all auxiliaries and could be 
made under conditions that are more nearly like service 
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conditions, so that the electric-transmission designer 
could have a definite and dependable engine character- 
istic to start with. 

In regard to the generator, Mr. Atwell states that 
it usually is necessary to provide a few turns of cumula- 
tive series-field to obtain the right characteristics. An- 
other design would be to use a shunt field only for main 
excitation, together with a battery-excited teaser-field 
for initial build-up. Experience has shown that the 
characteristics of this arrangement are well suited for 
a connecting link between the engine and the motors. 

Mr. Atwell has described a method of operating the 
engine above its “normal maximum” speed and horse- 
power on certain occasions, such as hill-climbing or 
when a higher acceleration rate is desired, and states 
that a foot switch or an extra field rheostat, manually 
operated, is used for making the necessary connection 
changes. It has been found possible and desirable to 
make this feature automatic by the use of a simple 
current-relay inserted into the generator-armature cir- 
cuit, which is set to operate at approximately 10 per 
cent above normal-maximum accelerating-current, at 
which point it opens a set of contacts and throws the 
correct amount of resistance into the generator field- 
circuit. Another method would be to combine a switch 
with the foot throttle, to operate only after full-throttle 
position had been reached. 

It seems to be advisable to use the two-bearing type 
of generator, either bolted to the engine frame or 
mounted with three-point suspension in the chassis. In 
each case a flexible coupling should be used between the 
engine and the generator. It would be highly desirable 
if the engine and generator designers could get together 
and develop a design in which the generator and engine 
are mechanically more suited to each other, resulting in 
an improved and unified design. 

To the advantages of gas-electric drive, as given by 
Mr. Atwell, can be added decreased maintenance, as 
shown by actual operating statistics, and decreased plat- 
form wages, due to the higher schedule-speed, which 
results in fewer hours per mile, and fewer vehicles for 
a given number of daily vehicle-miles. 


FEWER VEHICLES FOR THE SAME WORK 


In the disadvantages, Mr. Atwell has listed increased 
first cost. A gas-electric motorcoach having the same 
engine-power and seating-capacity as a mechanical-drive 
vehicle is heavier and undeniably costs more. However, 
the increased schedule-speed and decreased time of 
maintenance of the gas-electric results in fewer trans- 
portation units to give the same service; and studies 
have disclosed that the first cost of the total number of 
gas-electric vehicles required may be only from 2 to 3 
per cent greater. 

Little has been said about the economy of gas-electric 
drive, which is, after all, the real reason for its develop- 
ment. The greater weight and cost of a gas-electric 
coach of given capacity is of importance only as it re- 
flects in the annual cost of operation and the earning 
power. Comparative statistics of operation in city ser- 
vice indicate that, after all operating charges, taxes, 
depreciation and interest on the investment have been 
paid, there is a substantial saving in favor of the gas- 
electric coach. 

It is reported that more riders are attracted by 
changing from mechanical to electric drive; increases of 
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20 per cent are not uncommon. More riders, with the 
resultant increase in revenue, combined with lower op- 
erating expenses and fixed charges, indicate an earning 
power for gas-electric drive well above that for me- 
chanical drive. 

QUESTION :—What are the weights and horsepower 
ratings of the smallest and largest units now being con- 
sidered ? 

Mr. ATWELL:—Most of the vehicles are of about 30- 
passenger capacity, weighing about 16,000 lb., without 
passengers. The electric equipment adds about 2000 lb. 
The eight-wheel vehicle to which reference was made 
in my paper weighs about 22,000 lb., with the electric 
equipment. There are so many variables entering the 
question of horsepower that it is difficult to assign 
horsepower ratings to units such as these. 

QUESTION :—How is the gas-electric vehicle con- 
trolled? 

Mr. ATWELL :—AIl] the driver has to do is to take hold 
of the steering wheel and step on the throttle, and the 
vehicle starts. There is a drum controller, but it is not 
for the same purpose as the controller on a street-car; 
it is used for reversing the direction and for braking. 
On a vehicle having two motors, it can also be used to 
provide a series connection for ascending grades, in 
place of the parallel connection, thus giving greater 
tractive effort. In ordinary driving, the accelerator 
pedal is the only control required for the speed. 


AVOID EXCESSIVE ENGINE-SPEED 


Louis P. KALB” :—To the engine man, one of the most 
attractive possibilities of the gas-electric vehicle is its 
ability to maintain high average vehicle-speeds without 
excessive engine-speeds. Considering the engine speeds 
required to enable a mechanical-drive motorcoach to 
maintain its scheduled speed, it is a wonder that the 
engines last as long as they do. I do not know that this 
possibility has been utilized to its fullest extent; but 
experimenting has been done, and all engine men would 
like to see progress along this line. 

A few years ago there was an idea that the electric 
drive would permit the use of smaller engines, but I 
am thankful that this idea was not taken seriously. If 
it requires 100 hp. to propel a vehicle at a certain speed, 
the same power will be required with either type of 
transmission. If anything, the electric drive might re- 
quire more power because of its reduced efficiency. 

The discrepancy between methods of rating gasoline 
engines and electric motors has led to some confusion 
and misunderstanding, but I believe that Mr. Butler did 
not intend to imply any attempt to mislead. When an 
engine power-curve is issued, it represents the actual 
power-curve of the engine. We know that the fan, espe- 
cially a 24-in. fan, may consume as much as 8 or 10 hp. 
There also are electric units to consider. I have had 
contact with both Westinghouse and General Electric 
engineers and I find that both companies are attacking 
this problem in a most thorough and scientific way. 


BOUNDARY OF THE ELECTRIC-TRANSMISSION FIELD 

C. FROESCH“:—There is no question that the smooth- 
ness of the electric drive and its uninterrupted accelera- 
tion renders it more suitable than the mechanical trans- 


1 M.S.A.E.—Assistant chief engineer, Continental Motor Cor- 
poration, Detroit. 
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mission for city operation. Acceleration tests have 
shown that, up to 1000 ft., the electric drive is superior; 
in other words, a gain is obtained if traffic conditions 
call for five or more stops per mile. 

In a recent check on mechanically driven motor- 
coaches the total time lost in shifting, during accelera- 
tion from a standstill to a running speed of say 20 
m.p.h., amounted to 5 to 7 sec. This loss the electric 
drive eliminates; and, while its efficiency is considerably 
lower than that of the mechanical transmission at the 
start, the average horsepower at the wheels during the 
acceleration period is greater. 

The efficiency of the electric drive, as now designed 
for motorcoaches, is very low at high ampere-loads such 
as are met with in starting in deep snow or sand. In 
a paper” which I presented before the New England Sec- 
tion of the Society, a tabulation of dynamometer tests 
is shown which reveals that the over-all efficiency of the 
electrical units drops as low as 50 per cent compared 
with 82 to 85 per cent for the mechanical drive. Some 
recent improvements have bettered this condition and 
offset it by obtaining better fuel economy, because of 
working the engine at wide-open throttle most of the 
time and taking advantage of the best portion of the 
fuel-economy curve. I understand that a large operator 
has been able to obtain 20 per cent more ton-miles per 
gallon with a gas-electric than with a mechanically 
driven motorcoach. 

I do not agree with Mr. Atwell when he says that it 
is necessary to apply a small cumulative series-winding 
to prevent an undue fall of voltage at high ampere- 
loads. It is possible to design a straight shunt-wound 
machine to prevent this. While the characteristic curves 
might show that it is required for stability, it is not 
absolutely necessary, because the engine that drives the 
generator is essentially a constant-torque prime-mover. 
Its speed will increase with a decrease in generator- 
torque demand, and vice versa, until a condition of bal- 
ance exists. It is needless to say that a characteristic 
which will permit constant engine-speed at wide-open 
throttle to secure maximum fuel-economy would prevent 
slowing down on grades or while accelerating, and im- 
prove over-all performance. To obtain this most-desired 
characteristic with present-day engines, a variable re- 
sistance usually is inserted in the shunt field. 


TEASER FIELD FROM THE GENERATOR 


Recently we have tried successfully to eliminate the 
battery altogether from the teaser-field circuit by con- 
necting the latter in series with the lighting generator 
of the engine. At low engine-speed there is no current- 
flow through the teaser field, and the lighting-generator 
voltage builds up rapidly as the accelerator pedal is 
pressed, thus energizing the teaser field immediately. 
When the power-generator voltage reaches the value of 
self-excitation, the teaser-field circuit is opened to re- 
lieve the load on the lighting generator and permit it to 
charge the battery. Tests have shown that there is no 
appreciable lag in starting, as compared with a battery- 
energized teaser-field. 

Electric braking is one of the necessary evils of gas- 
electric-drive coaches and is a problem that should re- 
ceive a great deal of consideration. We speak of the 
smoothness of acceleration and the ease of its reaction 
on the rest of the motor-vehicle, but more damage can 
be done by the sudden application of the electric brake, 
by some one who is not able to use it, than by misuse of 
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the clutch in a mechanical drive. I say that it is a nec- 
essary evil because such a brake often is requested by 
the purchaser. This brake was designed primarily to 
offset the lack of engine braking when running down- 
grade, and it is highly efficient for this purpose. How- 
ever, if it is to be used often, the electric motor should 
be 20-per cent larger. The elimination of electric brak- 
ing would simplify the electric drive considerably and 
would permit substituting for the present controller an 
ordinary double-throw double-pole switch for forward, 
neutral and reverse. The added weight of the electric 
drive and the inertia of its motor armature throw about 
20-per cent more burden on the friction brakes of the 
vehicle. 

For vehicles not exceeding 10 to 12-tons gross weight, 
I believe the single-motor drive is superior. For heav- 
ier installations the dual drive is necessary, because of 
ground clearance and limitation of floor height. Of 
course, the principal advantages of the single-motor 
drive are lightness; simplicity, which means reliability, 
to a great extent; and the use of a conventional rear-axle 
to keep unsprung weight as low as possible. By inserting 
a brake in the drive, use can be made of the differential 
to equalize braking effort on the rear wheels, especially 
on slippery pavements. This cannot be done with a 
dual drive, because, when the vehicle is being braked, 
no power flows through the motors, and locking of one 
side is possible. 


A COMBINED MOTOR-GENERATOR UNIT 


The application of the electric drive has reached a 
point where it must stand or fall on its economic merit. 
Its inherent advantages have made it popular with pas- 
sengers, but some disadvantages must be overcome be- 
fore it can win completely the confidence of the oper- 
ators. Some motorcoach owners regard it with 
skepticism because of its complications. For this rea- 
son it is hoped that it may be possible in the near 
future to design a drive with generator, motor and con- 
troller built into one unit and integrally wired, to per- 
mit mounting in the chassis as a unit. This will also 
make possible a reduction of weight and cost. With a 
combination drive, the motor cooling fan could be driven 
by the generator, so as to have good cooling at low 
motor-speed and save horsepower at high speed. 

Further study should be given to the windings, to 
improve the efficiency. Electric drives today weigh 
from 230 to 275 lb. per ton of chassis and body weight, 
and it is hoped that a more liberal use of improved ma- 
terials will help to reduce this in the future. 

I should like to ask Mr. Atwell what lubricants are 
recommended for motor and generator bearings. 

Mr. ATWELL:—Series turns on the generator are not 
always necessary to maintain the voltage when the cur- 
rent is heavy. There are other ways of accomplishing 
the same end. The object of the voltage regulation is 
to control the horsepower so that it will not vary too 
much at a certain speed with different currents and, as 
a result of that, to obtain a relatively flat speed-regula- 
tion of the generator and engine over the operating 
range. The ideal would be to have a certain engine- 
speed, selected as the most economical by the engine 
builder, held constant over the entire range of opera- 
tion. This cannot be done without additional complica- 
tions that do not seem desirable on a motorcoach, al- 
though field regulators have been applied to railway- 
ear generators to do almost exactly that. 
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The severity of braking, to which reference has been 
made, must have been secured by connecting the motors 
in reverse. With this arrangement the operator can 
cause a severe jolt by pressing the accelerator pedal too 
hard. Dynamic braking, with variable resistances con- 
nected across the motors, is very smooth. 

Combining the two electric-machines in a single unit 
might be desirable in certain types of motorcoach, but 
I believe that the present tendency shows the advantage 
of making a complete mechanical separation between 
the powerplant and the driving wheels. 

For the roller-bearings on the armature of the motor 
and generator, we find that the best lubricant is that 
sold as “ball-bearing grease” by various lubricant manu- 
facturers. The design of the machine is such that this 
grease is retained in the bearings for a long time; and 
dirt, which is the usual cause of bearing failure, is 
kept out. 

ENGINE SPEED DURING VEHICLE ACCELERATION 

Mr. BRUMBAUGH :—When the driver presses the ac- 
celerator pedal of a standing gas-electric motorcoach, 
the engine immediately goes to a speed of about 2000 
r.p.m. It then develops its maximum power at a time 
when the efficiency of the electrical units is the lowest. 
As the vehicle speed builds up, the engine slows down. 
It is at about 1400 or 1500 r.p.m. at half the maximum 
speed of the vehicle, then speeds up again as the vehicle 
speed rises. This means that an engine must develop 
nearly 75 or 80 per cent of its maximum power all the 
time, and that requires an extremely rugged engine. 

One of the advantages of the electric transmission is 
in the wonderful braking action secured from the en- 
gine through it. Also, the gas-electric vehicle unques- 
tionably is more durable than a vehicle with mechanical 
transmission. Evidently this is why the Philadelphia 
Rural Transit coaches are held under equipment trusts 
on a 10-year basis, an arrangement that would be diffi- 
cult to make with mechanical-drive chassis. 

Just as the manufacturers of electrical equipment 
doubt the curve of the engine man, so we have to take 
with a grain of salt the published curves on electrical 
efficiency. Efficiencies as high as 92 per cent are not 
always realized. I have seen an engine develop more 
than 100 hp., with only 45 hp. coming from the motor 
shaft; the difference was expended in warming up the 
atmosphere through the carefully arranged ventilating- 
ducts of the motor and the generator. In spite of this, 
we believe that the gas-electric transmission has a very 
definite and useful field. 

One thing, sometimes overlooked by chassis engi- 
neers, is the remarkable susceptibility of the human 
body to horizontal acceleration. Engineers try very 
hard to design springs and snubbers to prevent the pas- 
sengers from bouncing up and down, but let them be 
vanked this way and that until they are blue in the face. 
The gas-electric drive helps in that connection. 

The main argument in favor of the gas-electric coach 
is that it releases the right arm of the driver. If the 
need for an additional right arm means adding another 
man to the crew, there is a great saving in making it 
possible for the driver to collect the fares, make change 
and issue transfers. The Philadelphia Rural Transit 
Co. is operating double-deck coaches with one man. Do 
you think that it would be possible for a driver with 
a mechanical transmission to handle a 60-passenger 
coach alone? 
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QUESTION :—Is the gas-electric system applicable to 
passenger-cars ; and, if not, what besides weight are its 
disadvantages? 

Mr. ATWELL:—I believe that electric transmissions 
were applied to passenger-cars long before they were 
considered for motorcoaches; notably, the Entz trans- 
mission”, which was used on the Owen magnetic car. I 
do not know the exact reason why this system is not 
now in use, but I imagine it is because of the complica- 
tion of the control. This transmission required a con- 
troller on the steering column, and it provided for the 
charging of the storage battery and acted as a starting 
motor. These functions are now accomplished by such 
well-standardized units that it is not worthwhile to 
complicate the electric transmission with them. Aside 
from weight, the chief handicap probably is the first 
cost. 


THE DISCUSSION AT CHICAGO 


J. C. A. STRAUB":—It is necessary to keep down as 
much as possible the weight of a gas-electric installa- 
tion. Making the generator in a single unit with the 
engine helps in this by reducing bearing weight and 
flywheel weight, which can be done if the coupling is 
not too flexible to allow the armature td act as a fly- 
wheel. 

Two motors in tandem seems to me to be the best ar- 
rangement, as the friction is less in a single worm than 
in two worms, and the heavier propeller-shaft required 
is less likely to whip. 

J. CHUCAN™ :—What is the need of the battery teaser- 
field in units that ordinarily are complete in themselves 
without a battery; why cannot the battery be elimin- 
ated? 

C. A. ATWELL:—We have no units in which the bat- 
tery field is not provided. It seems to be necessary, be- 
cause it greatly increases the rate of pick-up of the 
generator when the operator steps on the accelerator 
"36 See TRANSACTIONS, vol. 11, part 2, 1916, p. 502, 
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pedal, which is an important factor. The field builds 
up very much quicker than it would from residual mag- 
netism alone. 

W. C. BECKER”:—How much is the engine life in- 
creased with electric drive? 

Mr. ATWELL:—The increased life of the engine re- 
sults mainly from the facts that it is operating under 
full load most of the time and that the engine revolu- 
tions per vehicle-mile are considerably less, because the 
engine drops to idling speed as soon as its power is not 
required. No definite figures are available yet, because 
the majority of the gas-electrics have been in use not 
more than 3 years, and that has not been long enough 
to wear them out. 

R. D. HARRISON”:—During the last year or so we 
have been making a detailed study of the application of 
gas-electric transmissions on mechanical-drive motor- 
coaches and have centered this study around a fleet of 
2000 vehicles, 1000 having mechanical drive and the 
other 1000 having gas-electric drive. These coaches are 
being operated by various companies throughout the 
United States. To make a fair comparison, all the 
vehicles were put on a basis of comparable schedule, 
weight and power. As a result of our study we have 
found the following: 


(1) The present tendency among operators is to 
depreciate their mechanical-drive motorcoaches 
over a period of 5 years and their gas-electric 
motorcoaches over a period of 8 years. 

(2) The chassis and body maintenance on gas-electric 
coaches is approximately 1% cents per vehicle- 
mile less than that of mechanical-drive ve- 
hicles. 

(3) Gas-electric motorcoaches maintain a 10 to 15 
per cent faster schedule than similar mechan- 
ical-drive coaches in the same service. This is 
because the horsepower of the engine is used 
to better advantage and continuously through- 
out the accelerating period, and because the 
operator is relieved of the duty of shifting 
gears. It follows that, disregarding fractions, 
usually seven gas-electric coaches can replace 
eight mechanical-drive coaches. 

(4) The availability of mechanical-drive motor- 
coaches is from 80 to 85 per cent, and that of 
gas-electrics is from 90 to 95 per cent. This 
means less spare equipment required and re- 
duces the investment in the fleet. 





Highway Construction Through Gasoline Tax 


AXATION of gasoline in 1927 produced a total net rev- 

enue of $258,966,851, according to information collected 
from State authorities by the Bureau of Public Roads of the 
Department of Agriculture. Of this, $182,095,503 was avail- 
able for the construction and maintenance of State high- 
ways under the supervision of the State highway de- 
partments and $55,440,161 was apportioned to counties 
for local road purposes, including the payment of interest 
and retirement charges on highway bonds. The yield of the 
tax constituted an important contribution to the revenue 


that is expended upon highway construction and maintenance. 

The tax was collected in every State but Massachusetts 
and New York, the rate ranging from 2 to 5 cents per gal. 
The returns indicate an increase in gasoline consumption 
over 1926 in all but two States. Including estimates for 
the two States in which the tax was not imposed, it is 
indicated that 10,596,000,000 gal. of gasoline was used by 
motor-vehicles during the year, an increase of 8.2 per cent 
over 1926. The average consumption per motor-vehicle was 
458 gal_.—Motor Travel. 
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Research Progress Shown 


HE various meetings of the Research Commit- 

tee and its subcommittees held at Quebec during 

the Summer Meeting furnished the occasion for 
much discussion indicating active accomplishment in 
the research projects of the Society and for the form- 
ing of a number of interesting plans for carrying them 
to further achievement. Some of the material pre- 
sented was in the nature of progress reports of in- 
vestigations not yet carried forward to the point where 
publication of results seems advisable; a number of the 
topics, however, seem to be of a nature to be of interest 
to other members of the Society either engaged in re- 
search themselves or desirous of keeping in touch with 
the search being made by others for new knowledge in 
the automotive field. In some of its undertakings, the 
Research Committee is seeking the cooperation of mem- 
bers of the Society. 


SIMPLE HEAD-LAMP-GLARE TESTING INSTRUMENT 


Dr. H. C. Dickinson, at the meeting of the Headlight 
Subcommittee, described a simple inexpensive device 
that he has arranged for his car. Its purpose is to 
determine the number of times the light from an ap- 
proaching car exceeds, is less than, or is equal to, a 
fixed value. This device can be fastened to a car in 
an inconspicuous way and used in the course of or- 
dinary driving. 

Glare statistics which would result from the use of 
this device would be of great value, not only because of 
the general bearing of glare on the headlighting prob- 
lem, but because of the difficulty of accurately esti- 
mating the importance of this factor. Whether glare or 
insufficient light causes more discomfort in night driv- 
ing is a disputed question. A driver will also find it 
hard to judge when a light is glaring, as so many 
psychological and other factors enter into his appraisal, 
aside from the actual amount of light coming from the 
approaching car. That half of the glare is caused by 
irritation, as one observer asserts, is a statement that 
may not be universally accepted, but the general senti- 
ment that the driver’s mental condition influences his 
estimate will undoubtedly be subscribed to whole-heart- 
edly. 

The device arranged by Dr. Dickinson will give an 
accurate measurement and, since its use does not in- 
volve a special test set-up, the statistics obtained repre- 
sent the conditions encountered in average night-driv- 
ing. Dr. Dickinson has made interesting observations 
with it, and at the meeting members of the Research 
Committee and all others interested in headlighting 
were urged to contribute to the further knowledge of 
this phase of the problem. To be of the utmost value, 
such data should not only include a considerable volume 
of observations but should cover a wide range of terri- 
tory. 

Essentially, the device is a small portable photometer 
fashioned from two pieces of oiled paper enclosed in a 
cardboard frame,.in all about 2 in. square, upon which 
a small flashlight is trained. The photometer unit is 
pasted to the windshield of the car in the line of on- 
coming light and the flashlight is conveniently attached. 


Connected in series with the flashlight is a small rheo- 
stat by means of which the current may be varied at 
will. The apparatus is readily calibrated. Readings 
are obtained by observing whether the light from an 
oncoming car exceeds, is less than, or is equal to, the 
amount of light for which the photometer has been 
calibrated. The number of readings under, over, or 
equal to this intensity are recorded by conveniently 
located hand-counters. A rough estimate places the 
cost of the parts to make the apparatus at about $10. 

DEMONSTRATION MEETING TO CHECK TEST RESULTS 

The desire to obtain observations representing diver- 
gent viewpoints, which was the incentive prompting 
the development of this instrument, was the mainspring 
of a plan formed at the meeting. A report has been 
made of the headlight research being conducted at the 
Bureau of Standards under the technical direction of 
the Research Committee, with funds provided by the 
National Automobile Chamber of Commerce. This re- 
search, which is of fundamental nature, is directed 
toward ascertaining by road tests supplemented by 
laboratory experiments what light distribution will best 
satisfy the requirements of night driving. The de- 
sirability was discussed of having the results obtained 
checked by a more divergent group of observers than 
has been available in the investigation, and tentative 
plans were made for a demonstration meeting at which 
this could be done. 

Arrangements were suggested for having partake in 
the demonstration a considerable number of observers 
who would not be familiar with the details of the light- 
ing distributions being tested and would therefore have 
the mental attitude of the ordinary driver on the road 
rather than that of the professional investigator. The 
superiority or inferiority of the beam patterns tried 
will have to be sufficiently pronounced to impress a 
driver not necessarily on the alert for such changes. 
To increase the resemblance to practical conditions, the 
lighting will be provided by head-lamps placed on the 
cars in the conventional way instead of by the four-head- 
lamp test set-up used in the investigation. Runs will 
be made over roads representing, so far as possible, all 
varieties of surface likely to be encountered. Much 
information of practical interest is expected to be de- 
veloped as the outcome of this meeting. 


COOPERATION IN RIDING-QUALITIES RESEARCH 


The efforts of Prof. J. M. Nickelsen, of the University 
of Michigan, Chairman of the Subcommittee on Wheel 
Alignment, to perform the mission assigned to the Sub- 
committee have met with a gratifying response from 
the members of the Subcommittee, both individually 
and as representatives of car and tire manufacturers. 
At the January meeting of the Research Committee, 
B. J. Lemon urged that some investigation be made to 
throw light on the subject of wheel alignment. Follow- 
ing his suggestion, the chairman was authorized to 
appoint a subcommittee to determine the state of knowl- 
edge on this subject, to gather such data as are avail- 
able and to assemble and digest them for the informa- 


200 


ee; 


ee 
—— 


— 


a flO OS 


nnd ae an 6 


.Y- 
ng 
ng 
en 
he 
of 
he 
e- 
ed 
by 
St 
le- 
ed 
an 
ve 
ch 


all 


ity 
pe] 
ib- 
ym 
lly 
rs. 


to 
w- 
to 
vl- 
il- 
la- 


ee 


Vol. XXIII 


August, 1928 No. 2 


ee 





tion of all those interested. Professor Nickelsen, in 
outlining the problem before the Subcommittee, pointed 
out that the consumer, who is the ultimate judge of car 
performance, is interested in wheel alignment as it 
relates to front-end control in light steering, holding 
the road, shimmy and wabble, and tire wear. To throw 
light on these features of car performance, he suggested 
that a study be made of toe-in, camber, caster and 
steering-knuckle-pivot inclination. Such a study, he 
thought, should include the conditions on both new cars 
and cars that have seen some service. 

Contributing to the carrying out of Professor Nickel- 
sen’s program, O. T. Kreusser, director of the General 
Motors Proving Ground and a member of the Subcom- 
mittee, has volunteered to make measurements of the 
angles of the enumerated items on all new cars entering 
the General Motors Proving Ground and to repeat such 
measurements after the cars have been run several 
thousand miles. This information will then be plotted 
against the steering ability of the car, its general ability 
to hold the road, shimmy and wabble, and the over-all 
front-wheel tire-wear. Mr. Lemon has been active 
in the collecting of information for the Subcommittee’s 
purpose. 


PURDUE TO MAKE RIDING-QUALITIES RESEARCH 


An evidence of the extent to which colleges and uni- 
versities are ready to cooperate with the Society in its 
research work was given at the meeting of the Riding- 
Qualities Subcommittee. Prof. H. M. Jacklin, of Pur- 
due University, told the Subcommittee that the services 
of Prof. M. J. Zucrow, at the engineering experiment 
station, were available for the study of some project 
that might be selected as of particular interest. It was 
thought that some topic connected with riding-qualities 
might offer the most fruitful field for such work. In 
accordance with the wishes of the Subcommittee, Pro- 
fessors Jacklin and Zucrow will prepare a tentative pro- 
gram for their proposed research, to be considered by 
the Research Committee at a meeting to be held early 
in the autumn. 

An attempt will be made to secure the cooperation of 
other universities in the study of the psychological 
phase of the riding-qualities problem. The time is now 
ripe, it is felt, for some attempt to establish for human 
beings a curve representing sensitivity to shocks and 
vibrations such as are likely to be encountered in motor- 
ear riding, since recent development work has made 
available accurate instruments which can easily be used. 
As the problem includes elements of psychology, physi- 
ology and engineering, it is peculiarly suited to study 
by universities which combine the personnel and the 
facilities for study of all three subjects. 

After considering these points, the Subcommittee 
made arrangements for circularizing university depart- 
ments of psychology and physiology and for personal 
Visits to some of the more interested for the purpose of 
collecting all available information on the physiological 
and psychological effects of vibrations and motions 
within the range of automotive driving. 


THEORETICAL ASPECTS OF DETONATION 


Keeping pace with current problems, the Cooperative 
Fuel-Research Committee is devoting considerable effort 
to a study of detonation, in addition to its work on 
gasoline volatility and engine acceleration, which was 
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covered in papers presented at the Research Session of 
the Summer Meeting. At a meeting of the Fuels Sub- 
committee, which represents the Society in the coopera- 
tive project, the other participants in which are the 
National Automobile Chamber of Commerce and the 
American Petroleum Institute, a number of reports 
were made on the progress of the various investigations 
that are under way. 

Of particular interest is the study now being made 
of the laboratory work that has been done bearing on 
the fundamentals of the relation between fuel charac- 
teristics and detonation. This project was initiated at 
the Feb. 14 meeting of the Cooperative Fuel-Research 
Committee, when the Bureau of Standards was re- 
quested to make a survey of the literature and current 
unpublished work on the theoretical aspects of detona- 
tion and to report what had been definitely established 
and what might be done to fill in the gaps in the exist- 
ing work. 

As a first step, a review has been made of the litera- 
ture. Four phases of the general problem have been 
considered: (a) ignition temperatures of liquid fuels, 
(b) ignition temperatures of gaseous fuels, (c) igni- 
tion by adiabatic compression, and (d) oxidation of 
hydrocarbons and hydrocarbon fuels. A bibliography 
covering these topics has been prepared and the more 
important articles have been read and their contents 
summarized. 

It is contemplated that at the next meeting of the 
Cooperative Fuel-Research Committee a report will be 
presented which will include a summary of the work 
done to date and the facts that have been conclusively 
established, give an outline of those phases which 
have been overlooked or on which the experimentation 
is incomplete and offer suggestions as to specific prob- 
lems on which work needs to be done. For this purpose, 
the Bureau of Standards needs, in addition to the in- 
formation gained from the literature, experimental data 
bearing on those projects that have not reached publi- 
cation but that still represent substantial contributions 
to the study of detonation. The Bureau has communi- 
cated with academic and industrial laboratories in this 
Country to ascertain what current work is being done 
on problems related to detonation, and has received in- 
formation from a considerable number of these institu- 
tions. In addition, the Bureau is anxious to have the 
cooperation of all those in touch with research in prog- 
ress on this subject, and asks that such persons make 
available the information they have or tell the Bureau 
of institutions from which additional data should be 
sought. With such assistance, together with the knowl- 
edge gained through the literature, it is the intention 
to map out the research covering the field of detonation 
in such a way that the unexplored territory can be 
clearly seen. Any future work done by the Cooperative 
Fuel-Research Committee on the theoretical aspect of 
detonation will therefore be in virgin ground, with an 
assurance against any wasteful duplication of effort. 

Side by side with the theoretical research has gone 
an investigation of practical aspect, that is, the survey 
of the detonation characteristics of fuels available to 
motor-car users. A similar investigation was made 
during 1927. The purpose of the recent repetition was 
to make information on current conditions available 
and to fix a second point on the curve showing the 
tendency in fuel characteristics. 

















































































ORTY of the reports as submitted by eight divisions of 

the Standards Committee were approved for submission 
to letter-ballot on adoption at the regular Standards Com- 
mittee Meeting held in Quebec, Canada, on Tuesday, June 
26. Fifty-five members and guests of the Committee were 
in attendance to consider and pass on the reports of the 
Aeronautic, Electrical Equipment, Engine, Iron and Steel, 
Lighting, Lubricants, Passenger-Car, Production, and Tire 
and Rim Divisions. 

All of the reports, with the exception of that on Spark- 
Plug Taps, were printed in the June, 1928, issue of the 
S.A.E. JOURNAL as originally approved by their respective 
divisions. As the reports were passed upon by the Stand- 
ards Committee, however, typographical errors were cor- 
rected or modifications were made in the reports in a 
number of instances, due largely to reconsideration by the 
Divisions since the reports were printed. Such corrections 
and modifications are referred to in the following account 
of the action taken on the reports. The only report referred 
back to its originating Division for further consideration 
was that of the Lubricants Division on Crankcase Lubricat- 
ing-Oils. 

Vice-Chairman W. R. Strickland presided at the meeting 
and, notwithstanding the number of reports presented was 
larger than usual, the entire program was completed in a 
record short time. 

The action taken by the Standards Committee on the 
several reports was reviewed and approved by the Council 
of the Society at its meeting on Thursday afternoon, June 
28, and at the adjourned Business Session of the Society 
members in the evening of the same day, when the approved 
reports were ordered to final letter-ballot by all voting 
members of the Society for adoption in accordance with the 
recommendations of the Division on each report. 

The letter-ballot will be returnable and counted on Fri- 
day, Aug. 31, immediately after which the reports so ap- 
proved will be prepared for printing in HANDBOOK form in 
pamphlets that can be inserted in the 1928 issue of the 
S.A.E. HANDBOOK and incorporated in the next issue of the 
HANDBOOK, which will be printed next March. 


Report Referred Back to Division 
LUBRICANTS DIVISION 
CRANKCASE LUBRICATING-OILS 


This report proposed the addition of a footnote to the 
present S.A.E. Recommended Practice printed on p. 470 of 
the 1928 edition of the S.A.E. HANDBOOK. It referred to 
the viscosity numbers to be used in connection with pre- 
diluted oils. It was felt by the Standards Committee 
Meeting that the proposal is questionable and should be 
given further consideration by the Division. 


THE 


H. J. SALADIN':—The 
should be some means of 


DISCUSSION 


Lubricants Division felt there 
designating the viscosity of pre- 


1M.S.A.E.—<Assistant manager, lubricating department, Stand- 
ard Oil Co. of Indiana, Chicago. 


2M.S.A.E.—Assistant chief engineer, Cadillac Motor Car Co., 
Detroit. 

8’ M.S.A.E.—Research chemical engineer, Atlantic Refining Co., 
Philadelphia. 


*M.S.A.E. — Consulting 
America, South Bend, Ind. 

5 M.S.A.E.—Automotive engineer, lubricating department, Stand- 
ard Oil Co. of Indiana, Whiting, Ind. 


®°M.S.A.E.—Chief field service engineer, White Motor Co. 
land. 
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diluted oil. The work done by the Bureau of Standards 
and data given in a paper entitled A Suggested Remedy for 
Crankcase-Oil Dilution, by R. E. Wilson and R. E. Wilkin, 
published in THE JOURNAL in January, 1926, indicated 
rather definitely that the viscosity of oil after equilibrium 
would be the same whether a diluent was or was not added. 
The Division thought, therefore, that this recommended 
note would be the best way of designating the viscosity of 
the prediluted oil. 

VICE-CHAIRMAN W. R. STRICKLAND’ :—It seems to me that 
this would be a double standard for the customer. He 
would not know whether the oil he gets is a diluted oil or 
not, or what its viscosity is. 

Mr. SALADIN:—The viscosity of the oil certainly would 
be the same after equilibrium. 

J. C. GENIESSE*:—Should there not be some designation, 
for instance a letter D, after the number so the customer 
will know he is getting an oil that is less viscous than an 
undiluted oil? 

Mr. SALADIN:—The Division gave that point considera- 
tion and it was the opinion that in general it would be 
better if there were no special designation. Such a desig- 
nation would mean that a car-maker would have to use a 
double designation if he wanted to recommend prediluted 
oil as well as an oil that was not prediluted. 

K. L. HERRMANN‘*:—To classify prediluted oils in the 
same way as oils that are not prediluted seems to be un- 
reasonable. 

R. E. WILKIN’:—The idea of applying the S.A.E. Vis- 
cosity-Numbers to lubricating oils was to specify the body 
of an oil to be put into the crankcase of an engine. If you 
use the S.A.E. Viscosity-Number corresponding to a pre- 
diluted oil, you are in the same way specifying the same 
grade of oil to be used. For instance, oil of S.A.E. Vis- 
cosity-Number 30, whether prediluted or not, will have the 
same viscosity in the engine and will operate the same way. 
The S.A.E. Viscosity-Number should correspond to the base 
oil and not to the prediluted oil, because we are interested 
in the body of the oil in the engine during the major part 
of its operation. 

Mr. STRICKLAND:—The difference is that when the cus- 
comer buys “4 qt. of oil,” he may get 3 qt. 

Mr. WILKIN:—That is something to be solved by the 
people marketing the oil. This recommendation relates to 
using a number for the oil which will specify to the cus- 
tomer what oil he is getting. 

A. J. ScAIre’:—When the S.A.E. Viscosity-Numbers were 
adopted, we had a warm argument on whether they should 
be S.A.E. numbers or the letters S.A.E. should be used 
after a number, because of the trouble that might result 
through the “gyp” dealer. I wonder if there is any danger, 
in this recommendation, of having oils that are re-refined 
or reclaimed, or doctored with kerosene or something else, 
and sold on the market under an S.A.E. number. 

Mr. WILKIN:—The S.A.E. Viscosity-Numbers apply only 
to the body of the oil. Black oil might be washed and sold 
under an S.A.E. number and be within the requirements of 
this recommendation, but it is the responsibility of the 
people who market the oil to put quality into it. The S.A.E. 
numbers are not a measure of quality. 





Reports Approved 


The reports as approved are as follows, the reference 
after each subject indicating the status of the report and 
the page of the June issue of THE JOURNAL on which it is to 
be found. The corrections or modifications made in the 
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reports at the Standards Committee Meeting are included 
under the respective titles. The Aeronautic Division report 
is preceded by statements by Chairman Edward P. Warner 
and by Flight-Lieut. A. Ferrier, of the Canadian Air Force. 


AERONAUTIC DIVISION 


EDWARD P. WARNER':—This is a significant meeting for 
the aeronautic standardization activities of the Society, 
which have been revived on a considerable scale. There 
seems to be no reason why these activities should not now 
be continued. We are celebrating our return to the arena 
of standardization effort by presenting a considerable num- 
ber of recommendations. The first is for the standardization 
of Aircraft Storage-Batteries. The Battery Subdivision 
intends to give consideration to alternative forms, shapes 
and sizes which may be adopted to supplement those here 
listed. The proposal for Tail-Skid Shoes standardizes only 
the means of attachment, making it possible to use shoes of 
varying form interchangeably on the same skid so that a 
damaged shoe may be replaced by one originally designed 
for another airplane or another service. The proposed 
standards for Aircraft Bolts and Nuts, Plain Hexagon- 
Head Bolts and Plain Hexagon-Nuts, for Castle Hexagon- 
Nuts, Ball Hexagon-Head Bolts and Nuts, Eye-Bolts, Flat 
Washers, Pulleys, Rigid Terminals, Shackles and Turn- 
buckles all follow essentially the standards already adopted 
by the Joint Army and Navy Conferences and now in use 
by the Government services. Except for certain minor 
modifications where they seem desirable for fittings in 
commercial use that are not likely to be required for mili- 
tary purposes, the AN Standards have been followed. 

The recommendations for Generator Mountings, Fuel- 
Pump Mountings and Engine-Starter Mountings were pre- 
pared by a special Subdivision on Engine and Accessory 
Mountings and have been approved as presented here by 
the Aeronautic Division. In the past, the mounting of 
navigating and engine instruments on the instrument-board 
has been subject to much variation of instrument dimen- 
sions and of form of mounting, but it has been found that 
instruments now being made conform in general to certain 
dimensions when designed for a given purpose, or at least 
that with but little effort existing instruments can be made 
to fit a mounting built in accordance with the dimensions 
here listed for tachometers, air-speed indicators, pressure- 
gages, altimeters and thermometers. 

The standardization of crankshaft or Propeller-Shaft Ends 
for aircraft engines, which will permit of interchangeability 
of propellers on engines of differing size and design, has 
been the subject of very careful study by the Division for 
several months. We wish, however, to amend this recom- 
mendation in certain particulars, the amended form having 
been approved by a mail vote of the Division members. The 
recommended changes in general are that the propeller-hub 
shaft-end standard be divided into two parts, one for tap- 
ered ends and the other for splined ends. The tapered-end 
shafts Nos. 1 and 2 are to remain as presented. The No. 3 
splined shaft-end should be changed to a 16-splined form 
and shortened by 1 in., and given the number 30, the No. 4 
splined end to be specified as No. 40. We also recommend 
that another splined end of smaller size suitable for engines 
of low power, to be designated as No. 20, be added, making 
a total of two tapered and three splined shaft-ends as 
alternatives for engine manufacturers to use. 

The matter of international standardization presents it- 
self for the aeronautical industry in a somewhat different 
form from that in which it appears to the builders of high- 
way vehicles and it is a question of particular importance 
among those whose guests we are this week. As the 
Canadian Government and Canadian commercial operators 
are obliged to make use of British and American-made air- 


™M.S.A.E.—Assistant Secretary of the Navy for Aeronautics, 


City of Washington. 
§Canadian Air Force 


planes and airplane engines more or less interchangeably, 
they are very desirous that the degree of interchangeability 
be as great as possible. This presents a definite problem of 
engineering to work toward international standardization of 
such things as wheels, propeller shaft-ends, and other points 
of assembly, assembly of accessories and major components 
of aircraft. Flight-Lieutenant Ferrier, of the Canadian 
Air Force, is here today representing Wing-Commander 
Steadman’s division, Commander Steadman being the head 
of the technical work of the Canadian Air Force and the 
Canadian Air Board. The Chairman has invited Lieutenant 
Ferrier to speak briefly on the Canadian position on stand- 
ardization in aircraft. 

FLIGHT-LIEUT. A. FERRIER*:—The work that is now being 
done in the United States on standardization of parts for 
aircraft and aircraft engines is of considerable interest to 
aeronautical engineers in Canada but unfortunately this 
work does not go sufficiently far to meet Canadian require- 
ments. In Canada a very large proportion of the equip- 
ment used for aviation purposes is of European manufac- 
ture and therefore any standardization, to be of real value 
to Canada, should be carried out internationally. In the 
Department of National Defense we use a large number of 
radial engines of about 200 hp., and usually provided with 
all-metal propellers. The American engines have a very 
different propeller-shaft from the English engines of simi- 
lar power, and therefore we are forced to carry two differ- 
ent kinds of propeller-hub to suit the two engines. If some 
international agreement could be had on the design of 
propeller shaft-ends, it would greatly facilitate the carry- 
ing of spares for operational purposes. 

Another subject for consideration is the standardization 
of wheels. There are wide differences between the stand- 
ards used in the United States and in Great Britain. Also, 
in the wheels manufactured in the United States there is a 
great difference, relating to the methods of operating the 
brakes, for example. This means that only one type of 
wheel can be used on a given aircraft. This condition is 
often aggravated because subsequent aircraft made by the 
same manufacturer do not always have the same type of 
wheel and brake system, so that, although spares may be 
carried for one aircraft of a given make, there is no way of 
guaranteeing that the same spares will suit the next air- 
craft made by the same manufacturer. This varying of 
wheel dimensions is causing considerable trouble at present. 


AIRCRAFT STORAGE-BATTERIES 
(Proposed S.A.E. Standard, p. 697) 


TAIL-SKID SHOES 
(Proposed S.A.E. Standard, p. 698) 


AERONAUTIC BOLTS AND NUTS 
(Proposed Revision of Present S.A.E. Standard, p. 698) 


In the table for Castle Hexagon-Nuts, the following foot- 
note was added for the bolt-size A: 
Note.—Finished sizes include plating or protective 
coating. 
In the table of Plain Hexagon-Head Bolts, the tolerance 
D*® for the No. 8 bolt-size should be + 0 — 0.0050, and 
dimension E should be 15/64 instead of 7/32. The dimen- 


sion # in the cut should extend to the end of the thread 
instead of as shown. 


In the table of Plain Hexagon-Nuts, the dimension 9/16 
in the second column under heading N* for the No. 10 size 
should be 9/64. 

In the table of Ball Hexagon-Head Bolts and Nuts, the 
heading of the fifth column should be C instead of D. The 
minus tolerance for the bolt diameter of the No. 8 size 
should be 0.0050 instead of 0.0030. The minimum tensile- 
strength for the %-in. size should be 4070 instead of 3070 
lb. Dimension B for the 7/16-in. size should be % instead 
of 11/16. The phrase “the angle of bend to be through 35 
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RIGID TERMINALS 
Tensile- Drill 
Hand | Strength, | Thread | B p | F |G H I Drill | for mM | S 1 y | 2 
Minimum | A Threads 
L. H. | 
— 20,200 Me-18 | 3.125) 0.563) 0.922) 0.453) 0.375) 0.094) 0.578 | 0.5062 | 0.796) 1.375) 1.625) 1.000) 1.063 
R. H. | | 
ae | | | | | | | | | 
maces 24,700 *s-18 | 3.375) 0.625) 1.032) 0.516) 1.500) 0.094) 0.640 | 0.5687 | 0.875) 1.500] 1.750) 1.125) 1.188 
R. H. 


deg.”” was added to the last sentence of the footnote reading 
“Bolts shall stand cold-bending in the plain part, etc., etc.,” 
and the footnote reading “Bolts conforming to these speci- 
fications shall be marked with a triangle as shown” was 
changed to read “Bolts conforming to these specifications 
shall be marked in some distinctive manner where shown.” 


SMALL AIRCRAFT-FITTINGS 


(Proposed S.A.E. Standard, p. 701) 


In the illustration for Eye-Bolts, the radius under the 
head should read radius 0.010 + 0.005, — 0.000 in. In the 
table the minus tolerance on the bolt diameter for the larg- 
est size should be 0.0082 instead of 0.0072. The minimum 


tensile-strengths for bolt diameters 0.3125 and larger 
should be respectively 6550, 10,000, 13,620, 18,580 and 
23,600. The following phrase was added to the last 


sentence of the footnote reading “Bolts shall stand cold- 
bending in the plain part,” etc.: “the angle of bend to be 
through 35 deg.” 

The first sentence of the footnote on marking is changed 
to read, “Bolts conforming to these specifications shall be 
marked in some distinctive manner where shown.” 

In the illustration for Rigid Terminals, the dimension T 
should extend to the center of the hole rather than to the 
edge of it. Dimension H for the 15,500-lb. size should be 
1.188 instead of 1.183. The dimensions for a 20,200-lb. and 
a 24,700-lb. size were added to the table and these are 
printed at the top of this page 

In the illustration for the Turnbuckle Cable-Eye, the 
note reading “the tolerance specified for pitch diameter,” 
etc., was deleted and the plus tolerance for dimension Z was 
changed from + 0.051 to 0.031. The minus tolerance on 
dimension E for the 12,500-lb. long cable-eye end should be 
— 0.0072 instead of — 0.0000. 

The following note was added to the Turnbuckle Fork 
illustration: 


Note.—Slot-jaw and hole to be central and parallel 
on fork within 0.005 in. 
In the table for the Turnbuckle Pin-Eye, the heading of 
the third column should be E instead of “Pitch Diameter.” 





GENERATOR MOUNTINGS 
(Proposed S.A.E. Standard, p. 708) 
FUEL-PUMP MOUNTINGS 
(Proposed S.A.E. Standard, p. 708) 
SNGINE-STARTER MOUNTINGS 
(Proposed S.A.E. Standard, p. 708) 
PROPELLER-HUB SHAFT-ENDS 
(Proposed S.A.E. Standard, p. 707) 


After the original report was printed the Aeronautic 
Division made a complete new report involving a change 
in the original No. 3 8-spline shaft-end to a short 16-spline 
shaft-end, and the inclusion of an additional small spline- 
shaft. The report, as submitted to and approved by the 








Standards Committee, involves the retention of the Nos. 1 
and 2 taper shaft-ends as originally proposed, with the 
addition of tolerances, and three-spline shaft-ends with 
specified tolerances on the dimensions. Additional details 
included were the dimensions, with tolerances, of the pro- 
peller-hub itself. The standard thus provides a choice of 
two types of shaft-end. 

The threads are shown only as general information in 
notes following the tables, this information not being a 
part of the standard at present because of the varying 
practices. It is anticipated, however, that standardization 
of the thread sizes will be accomplished by the Aeronautic 
Division prior to the next Standards Committee meeting. 

The entire specification is as follows: 


(Sheets 1 and 2) 


Note (General Information only.) The thread in use at 
present on the No.-20 shaft-end is 24-12 American Standard 
NF. pitch diameter 2.070+0.000, —0.002 

The thread sizes in use for shaft No. 30 are 1%-16 in- 


ternal thread American Standard NF class 3 on the Pratt 
& Whitney Wasp engine; 2,-12 external thread American 
Standard NF on the engines of the Wright Aeronautical 





Corporation: and 2%-12 external thread American Standard 
NF, pitch diameter 2.320+0.000—0.002, on the Chieftain 
engines manufactured by the Curtiss Aeroplane & Motor 
Co 
The thread on the No.-40 shaft-end as now generally 
used is 2%-12 American Standard NF, with a pitch diam- 
eter of 2.820+ 0.000 0.002 
The threads on these shaft-ends will be taken under 
consideration immediately by the Aeronautic Division for 
standardization 
(Sheet 3) 
PROPELLER-HUBS AND SHAFT-ENDS 
AERONAUTIC, SPLINED TYPE 
(Proposed S.A.E. Standard) 
r] uf 
we 4 > 
EE A aa 8 E >) 
4 (8 4-YgRad MIN. \A 
| i em ee eg \ 
(1d ah, SILSDIASELEEDDL CSUMEME ODD 
D 
a 
os, SS 
‘A 
Shaft- End 
Section A-A 
SHAFT 
FE } 
Shaft { B ( D Effective| Thread | No. of 
No | Length Splines 
20 |2.375+-0.000 2.156 =0.001\0.231 0.0005 2.125+0.000| 4%.5 16 
0.002 0.002 See 
in note on 
0 \2.625+0.001)2.406+0.005 0.257 =0.0008|2.375+0.000| 446 thread 16 
0.002 0.002 informa- 
- - tion = 
40 (3.125+-0.000|2.875 =0.001)0.304+0 .0008'2.875+0.000) 4% below 16 
0.002 0.002 table 
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Angle 
| Bs san) Baste a S 
y 
Hub | H G J K L M R S T |, * For 
No. Front End Rear End [For Rear| Front 
| Cone, | Cone, 
| Deg. Deg. 
20 3.125+0.005 |2.875+0.005 | 2254, | 236 136 & |2.381+0.002 |2.162+0.002 |0.233+0.0005| 15 30 
—0.000 | —0.000 
30 | 2284 | 23% 436 5% |2 633-+40.005 |: 2.414+0. 005 0.259+0.001 | 15 30 
See | Note —0.002 —0.002 
40  |3.875+0.005 |3.625+0.005 | 2% |2 | 4 54 |3.131+0.002 |2.881+0.002. 0. 306+0.0005) 15 30 
—0.000 —0.000 | 
Note Corrected dimensions will be given in the supplement to the 1928 issue of the S.A.E. HANDBOOK, that will include this report. 


TAPER TYPE 











K 
. W al 
1A 
Y 
>TK 
Section Cc-c 
’ | d | D K 
| | Diam-| Diam- ~ 
Shaft} L In- eter atieter at 
No. |Length] cluded | Small | Large -_ W i 8 
| Angle! | End | End | Length | Width Thickness 
1 | 554915°43’30"| 1.535] 2.05 | 3  |0.375+0.000010.27750.0005|0. 1560.02 
| 12in | | 0.0005 
} | 
| | 





9 
< 


z 
| per ft 
| 
| 


7 |5°43'30’| 1.662) 2.362 Stel 0 473 =(). 001 lo 236+0.001 |0.148+0.005 
} 1.2 in. | | 0.002 
pe’ = 


= oe 


1 The taper should vary from absolute uniformity by being from 
0.000 to 0.001 in. large at the large end. 


Note.—(General Information only.) Threads generally used on 
the No.-1 taper shaft-end is 144-18 (external) American Standard 
NF, or 15/16-24 (internal) American Standard NF 


The thread in general use on the No.-2 taper shaft-end is 1 9/16- 
12 (external) American Standard NF. 


i 





INSTRUMENT MOUNTINGS 
(Proposed S.A.E. Recommended Practice, p. 709) 


The heading in the third column of the table should be 
D instead of C. 


ELECTRICAL EQUIPMENT DIVISION 


CABLE TERMINALS 
(Proposed Revision of Present S.A.E. Standard, p. 710) 


® M.S.A.E.—Vice-president, chief engineer, Wisconsin Motor Mfg. 
Co., Milwaukee. 


1 M.S.A.E.—Detroit. 





CABLE, CONDUIT AND TUBING CLIPS 
(Proposed Revision of Present S.A.E. Standard, p. 711) 


FLEXIBLE-CONDUIT FERRULES 
(Proposed S.A.E. Standard, p. 711) 


ENGINE DIVISION 
DUPLEX-CARBURETER FLANGES 


(Proposed S.A.E. Recommended Practice, p. 712) 


AIR-CLEANER MOUNTINGS 
(Proposed S.A.E. Recommended Practice, p. 712) 


FANS, BELTS AND PULLEYS 
(Proposed Revision for S.A.E. Standard, p. 713) 


THE DISCUSSION 


A. F. MILBRATH’:—At the meeting of the Standards 
Committee last January, the 38-deg.-angle pulley for V 
belts was recommended but the report was referred back to 
the Division. The matter was given considerable further 
study and investigation and it was finally the decision of 
the Division that the original report be again recommended 
to the Standards Committee. 

G. WALKER GILMER”:—Although I was one of the ob- 
jectors to this report at the last meeting of the Standards 
Committee, I think it should be approved now as presented. 
I have studied this matter and am satisfied that the work 
of the Division represents a lot of real effort and that it is 
the best we can do at this time. 

VICE-CHAIRMAN STRICKLAND:—The old standard specified 
the 38-deg. pulley for driving fans only, or a 28-deg. pulley 
when other apparatus was driven by the same belt. I have 
not seen a report as to why the 28-deg. pulley is no longer 
necessary; which was the reason that I objected to the 
recommendation last January. 
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Mr. MILBRATH:—The members of the Subdivision that 
prepared the report were fan-belt manufacturers, engine 
manufacturers and others, and it was their opinion that 
the 38-deg. pulley is more suitable for a general standard, 
for driving simply a fan or a fan and other accessories. All 
of the engine manufacturers, and I think all of the belt 
manufacturers we were in touch with, were in favor of the 
38-deg. pulley. The average angle of 325 makes and sizes 
of belt now in use is 38% deg., which comes very close to 
what is recommended by the engine and the best manufac- 
turers. The Subdivision realizes fully that some of the 
larger passenger-car manufacturing companies are using 
the 28-deg. pulley but, in a number of instances, the S.A.E. 
Standard is not followed by some of the larger manufac- 
turers. Nevertheless, we felt it was advisable to recom- 
mend only one pulley-angle. 


SPARK-PLUG TOLERANCES 


(Proposed Revision of Present S.A.E. Standard, p. 714) 


MOTORCYCLE SPARK-PLUGS 


(Proposed Cancellation of Present S.A.E. Recommended 


Practice, p. 714) 


IRON AND STEEL DIVISION 
PHOSPHORUS AND SULPHUR CONTENT 


(Proposed Revision of Present S.A.E. Standard, p. 715) 
NICKEL STEELS 
(Proposed Revision of Present S.A.E. Standard, p. 715) 
LIGHTING DIVISION 
INCANDESCENT-LAMP BASES AND SOCKETS 
(Proposed Revision of Present S.A.E. Standard, p. 715) 


JOURNAL 


The corrected specifications as approved are shown in 
the drawings at the bottom of the page, the changes being 
in the dimensions and limits of the solder heights and in 
the dimensions dependent thereon. 

ELECTRIC INCANDESCENT LAMPS 


(Proposed Revision of Present S.A.E. Standard, p. 716) 





ELECTRIC INCANDESCENT LAMPS 
Dimen- 
sion G-6 G-8 S-8 S-10¢ 
A 3/4 1 1 1-1/4 
B 1-7/16 1-3/4 2 2-3/8 
pe 3/4 7/8 1-1/8 1-1/4 
D Max. 0.320 0.320 0.320 0.320 
*The corrugations on electric incandescent lamps for headlight 


service shall be of sufficient depth to break up the filament image. 

The spacing between the filaments of the depressed-beam or two- 
filament type of incandescent lamp shall be 0.140 in. 0.016 in. 

1 Light-center length and axial alignment tolerances for head- 
light lamps are 3/64 in. 

The following corrected tabulation indicates the correc- 
tions made in dimensions B and D and the revision of the 
6-cp. 40-44 lamp and 6-volt 6-8 lamp to show the proper 
bulb-type and dimensions, which were erroneously given in 
the original report. 


N0If 


a 
> + Solder o.950 


EE ev——— 
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ELECTRIC INCANDESCENT LAMP DATA 
General Information 


—————————————————— sae —= (Proposed Revision of Present S.A.E. Recommended Prac- 


PLATE GLASS 























| Maxi- tice, p. 717) 
Maxi- |Bayonet- Bulb mum | Light-| Fila- 
Candle-| Voltage} mum Base Bulb Diam- \Overall| Center| ment « 
Power | Amper- Con- Type | eter, |Length,|/Length,| Form™ STEERING-W HEEL TESTS 
agel? taci? : i oT ae | a 4 P d 
———| | | __—_—_—_ |_| _ ropose A > Dy ce "17 
2 rn a Lhe tee “% | 174 | % | ©2 ( 2 S.A.E. Recommended Practice, p. 717) 
3 | 68 | 0.75 |SorD]| G-6 | 17 46 |; % <3 
3 | 12-16! 0.50 |SorD]| G-6 34 1744| % 5-2 = NY " 
3 | 18-24] 0.25 |SorD| G+ % | 1%| &% | C2 Boby-PaRTS NOMENCLATURE 
6 6-8 1.25 |SorD| G-6 3 17 3 C-2 . “ 
6 | 12-16 | 075 |SorD| G8 “Ye iy’ | % C2 (Proposed S.A.E. Standard, p. 718) 
6 | 40-44] 0.25 | D| Ae 1 2 | 1% 5-5 
15 6-8 | 2.00 | SorD 8-8 1 2 |; 1% C-2 , : ie 
15 12-16 | 1.25 |SorD| S38 1 2 | 1% C-2 The list of parts names given on p. 718 of the June issue 
‘ | ‘ 2 4 9 ° 
21 | es | {3 al | p| s-10 1% | 2% | {154 3 of THE JOURNAL should be disregarded and the part names 
1 ©6=| 68 | 3.00 |SorD| 8-10 1% 2% | 1% | C2 as given on p. 594 of the May, 1928, issue substituted there- 
2 12-16 | 1.50 |SorD]| S-10 | 14% | 2% 1% | C-2 for. 
21 40-44 | 0.50 D 8-10 | 1% | 2% 14% | C-13 
21) 6-83 | {3.00} D S-10 | 14 | 2% | 1% ee. 
2 | \0.75f | \S-10 | 1% | 2% -12 
oe | 18-26! ‘135 p| ‘sio | if | 292 | axe C2 PRODUCTION DIVISION 
32 6-8 4.00 S or D 8-10 1% | 23 ; 13 2-2 ‘ 
32 | 12-16| 2.00 |SorD| S10 | 1% | 2% | i4 | C2 TOOL-HOLDER SHANKS AND TOOL-Post OPENINGS 





(Proposed Approval for American Standard, p. 719) 


2 Improvements in lamp design and manufacture from time to 
time make possible changes in ampere ratings. The figures given ’ 
are therefore maximum and are for use in calculating wire sizes This report was submitted for approval by the Society as 
and battery capacities. For test purposes the exact amperage ri . 
should be obtained from the lamp manufacturer. one of the sponsors for the Sectional Committee on Small 

ss. “ne my eogagees 7» DOEnS-CoeRae. Tools and Machine-Tool Elements, organized and working 

ee ee ee under the procedure of the American Engineering Stand- 
. ards Committee. 
HEAVY-DUTY CONNECTORS . , : ; . 
R. S. BURNETT’:—Since this report was printed in the 
(Proposed Extension of Present S.A.E. Standard, p. 716) June issue of THE JOURNAL, the Sectional Committee on 

The relative position of the pins in the plug and the slots ore piorged and ee ae Elements, a prepared 
in the sockets as shown in the June issue of THE JOURNAL we age as sl af << making some minor changes in it 
is incorrect but will be rectified when the specifications are 24 the approval of the report at this time by the Society 





published. should cover these changes. 
PASSENGER-CAR DIVISION CHANGES IN THE REPORT 
CAR-FRAME NUMBERS The following changes should be made in the table 


printed on p. 719 of the June issue of THE JOURNAL: The 
minimum height of lathe-post opening D for the No.-5 tool 
. — ee " s 16; No.- .29, and the No.-9 tool 
R-PERFORMANCE TESTS should be 3 16; for the No.-7 tool, 4.29, 

Ca 5.80; the minimum width of lathe-post opening W should 

(Proposed Cancellation of Present S.A.E. Standard, p. 717) by 1.91 for the No.-7 tool and 2.27 for the No.-8 tool. The 
ina, Sinan. seninsnisiaditacitiacitaia ii madiiie” a Ml nominal size for the planer and shaper opening should be 
sive Hine a fan ow torn Cay. eet, a a ci 3 x 15% for the No.-6 tool. The minimum height of planer 


(Proposed Cancellation of Present S.A.E. Standard, p. 717) 





AVUUVOARUOUVUUAAAUUVOVRRAARUUUOULU 





SPARK-PLUG TAPS 
































} 
: ‘ " | 
Pitch Diameter | Major Diameter 
—; —— —| . . 
Size ; | Mini- Maxi- Mini- Maxi- A B ( D E F 
| Basic | mum mum Basic mum mum | 
} | | 
a _ — — — | = ——— ———e a - EE aii cames — 2 | e | ; | 
18 mm.?¢ hits aoe @.G700: | OTe 1 <<. | 0.7130 | 0.7145 416 113% 5% 0.542 0.407 0.178 
%-18 | 0.8389 | 0.8399 | 0.8407 | 0.8750 | 0.8785 | 0.8805 414, 214 34 0.697 0.523 0.212 
| ae ‘or, a 
1% Pitch—=1% mm. 
General Specifications 
Over-all length, A Square length, C Square size, H Centers Chamfer Lead Error 
mt 2i r—1/ in. + zero; —0.006 in. Female 3 to 4 threads +or—0.0005 in. per 
+or—1/32 in. +or—1/16 in + zero in e ate y BF 
Thread length, B Shank diameter, D Land Width, F Number of flutes Minor diameter Relief 
+or—3/32 in. +zero; —0.002 in. Included angle, 28 Four American Form or Back taper 0.0005 
deg. Sharper to 0.001 in. per 


inch. Slight ec- 
centric relief per- 
missible 
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and shaper-post opening FE should be 2.92 for the No.-6 tool, 
and the minimum width W should be 1.91 for the No.-7 tool 
and 2.57 for the No.-8 tool. The maximum lathe center- 
height C for the No.-5 tool should be 2.32. 


CuT AND GROUND TAPS 
(Proposed Revision of Present S.A.E. Standard) 


Mr. BURNETT:—Since printing this report in the June 
issue of THE JOURNAL, we have received from Mr. Ovaitt, 
Chairman of the Tap and Gage Committee of the General 
Motors Corporation, a similar specification for Spark-Plug 
Taps which we would like to include in the revision of the 
present standard. The Production Division has cooperated 
with the General Motors Corporation Committee in the 
adoption of all the present tap specifications. 

[The table mentioned is printed on p. 207.] 


CYLINDRICAL AND THREADED PLUG-GAGES 
(Proposed S.A.E. Recommended Practice, p. 721) 





S. A. E. JOURNAL 











No. 2 
eS 
Handles 
Handle Drill 
Size A|B C D E F G “| siz 
000 3A61% No. 34 9465 64x14 0.125 No. 000 4 54 Y 
(0.111) | 0.126 
00 M4 13% | No. 29 V4ax5f{6| 0.155 | No. 0 5 {| 346| 4 
(0.136) 0.156 | 
0 4el2 | No. 20|!146| 14x34 | 0.180 | No. 2 6} %el % 
0.161) 0.181 | | 
] % |234 a2 |7542| Mx | 0.239 | No.4 | Ye} Ko va 
0.240 ot 
2 6 13 L 254 154, | 0.309 | No. 6 % ¢|% 
0.290) 0.310 | 
3 14 6|34 2544/2742] 1142 | 0.409 | No.7 |'3o6l “Hel 
} | 0.410 } | 
4 % |3% 3744 |83 4, 3% 0.609 No. 10 |1'46| Ae %e 
0.610 
5 1% |4 2540 |1\% 7A6 | 0.809 | No. 11 |1546) 44 | & 
0.810 
5 1% |4 2545 11% 7A6 | 0.809 | No. 11 |1546| 4% | & 
Opt. Range 0.810 


The corrected specifications for the cylindrical and 
threaded plug-gages, as approved at the Standards Com- 
mittee Meeting, follow. The detail dimensions and general 
specifications for the threads on the threaded plug-gages 
are those given in the table on p. 723 of the June issue of 
THE JOURNAL. 





K Bsa er nner? Sect. _| KA > 
K--£ -> Kg | F> 
it. 
| NOT-GO 
i: 
, ( ' 4 
K----D > °\ C-Dril/ Size | > Kp Croove 
'“G6-Pin Reamer 
Standard 
Hand |es-No.000 to No.0 Incl 
K--4*-> 
“J > 





x 
i) 
iS) 
s] 
D 
0 
QR 
3 
. 


























-6 -Pin Reamer’ 
Op fiona / 


Handles -No | to No.5 Incl 








The groove in the Not-Go end of the handle is to distinguish it from the Go end, 





Discos Sh tis ee 
< 8B > < c ~ < C ---> «x G> 
mitts 
a SY So a 7 
4 ¥ 


Taper 0.25 in l2 























Y 
Cyl ndrical Plugs- Above 0.059 to 0.150 Incl 
< A > = —- 
~ 8 >< D > Cc > « Cc >< D-«-G > 
—_ 
_——e oe AL 
Go} E — mr NOT- 
30) | ied ] { 60 
imp-—_uuua’ oe 
Break All Corners - 7 _ Taper 0.25 in l2 
Y 
slindrical Plugs-Above 0.150 to 0.240 Inc 
Cylindrical Plugs 
Pro- 
Range Go All Not Go gressive 
ee Handle ——— 
Size 
In- 
Above jcluding { B C D E F G H I 
0.059 | 0.105 000 1542 3% lg 0.125) 34a) He 
0.126 
0.105 | 0.150} 00 |11142) He | Me 0.155] 1% | %e 
0.156 
0.150 | 0.240 | O |11542) 1%) 5% | 1 0.180) 1542) %o 
0.181 
0.240 | 0.365 l 134 Be | 84-1 4 10.239) 1546) SA6 | 2346) 1%/46 
0.240 
0.365 | 0.510 2 2 l 34 lg 10.309) 1% | 2411% 
| 0.310 
0.510 | 0.825 3 2% 1% yA lg (0.408) 1% 6|2%)11% 
0.410 
0.825 | 1.135 t 2 %esi 1% % | 5A46\0.608)1! 346 g | 3546) 2% 
0.610 
1.135 | 1.510 5 |2% |1%]1 sé 10.808) 21% u% | 3% | 2% 
0.810 
1.510 | 2.010 5 2% 1% | 1 8% 10.808) 2% | 3% | 2% 
Opt. |Range 0.810 





The optional] range applies only to the cylindrical plug-gages. 


SE 


—————————————————— 


————— Gua 
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" Taper 0.25 i112 
PROGRESSIVE 
K A > -F - ~ be--n----- 2-4 ---2------2 > ees n= -- F 
Oe ae ee m- C---> KG» | Wx- --B ---->te-D-e--- C---> K-- -C ----> Doe om 
K ~ | | | —— Ch HH. | 
| | el T ae I _ 
——_ T — Se ' A ra ae ; ae ae ice “ie a 8 
a Se ee it —S — i 
. ¥ Taper 0.25 mn le Sa a. . SR RS Be SS | 
. ie eat ; ° : * < 
Thread Plugs - Threads No 0 40 No.6 Inel 60 Chanter SN aeees - eek Si, an ee 


‘Remove Thread One -Half Jo One 


Convolution, Both Ends. 





Thread Plugs-Threads No.8 to No. 12 Inc! 









= Oe j 











: Taper 0.25 in J2 


Nort Less Than Three Full Threads 


Must Remain On "NOT-GO" PLUG 


Thread Plugs-Threads ‘4 to Ip Incl. 


Thread Plugs 















































| 
| Go Both Not Go 
Thread Sizes Handle |__ | 
Inclusive Size ‘gl J | | 
| 
1 B a en ae &, 
~ © 7 i ae i, 
Nos. 0 to 3 000 1lA2 \4 | Le 1 Oo 125 31 32 3A6 
0.120 
Nos. 4 to 6 00 1742 i “6 0.155 | 1% 32 
0.156 
Nos. 8 to 12 0 1%, | 13 M4 0.180 | 1542 %o 
0.181 
4 to 16 ] 1} Me i 4 | 0.239 | 156 6 
0.240 | 
— — - ——— ——~ ———— “+ 
t 2 134 34 34 %|0.309| 1%] % 
; 0.310 | | 
"sto % | 3} 1% 1% 34 \4 0.408 1% le 
0.410 
4% tol 4 2*A6 | 1 . ‘Ace | 0.608 | 1135) &% 
0.610 
1% -7 5 25% 14 1 % |0.808|/2% | % 
0.810 | 
1! j 5 2% 14 l 4g 0.808 | 2% 34 
0.810 
14 —12 5 2% | 1 1 | 3 | 0.808 | 2% %% 
1144-12 5 2% | 1 | 1 % | 0.810 | 2% %4 
K ~ 
The shell type of design is recommended for thread plug-gages in all sizes 
above 14 in. diameter. 


RING THREAD-GAGES 
(Proposed S.A.E. Recommended Practice, p. 721) 


The corrected specification for the ring thread-gages, as 
approved at the Standards Committee Meeting, is given in 
the tables on pp. 210 and 211. 


THE DISCUSSION 


Mr. BURNETT:—The reports on Cylindrical Plug and 
Thread-Gages and on Ring Thread-Gages originated in the 


%M.S.A.E.—Associate professor of engineering standards and 
erement, Massachusetts Institute of Technology, Cambridge, 
fass. 


committee known as the American Gage-Design Committee. 
The reports as printed in the June issue of THE JOURNAL 
were approved by the Production Division, but the Ameri- 
can Gage-Design Committee held a meeting in Rochester 
last week at which I understand certain revisions were 
made in the table. Therefore, in presenting the reports 
for approval today, we should like to include the revisions 
that were made at Rochester. 

EARLE BUCKINGHAM” :—At the time these standards were 
being formulated it was found that a rather complex patent 
situation existed with regard to the locking construction of 
a considerable number of the gages but all the gage manu- 
facturers agreed to waive their patent rights and let the 
Committee adopt the one considered best. The company 
which held patents on the construction selected by the 
Committee agreed to grant free licenses back and forth so 
there would be no patent litigation of any sort. I think 
that was a very broadminded act on the part of the gage 
manufacturers. 


TIRE AND RIM DIVISION 
BALLOON-TIRE SIZES 
(Proposed Revision for Present S.A.E. Standard, p. 725) 


This report is proposed for adoption as S.A.E. Standard 
to replace the present S.A.E. Recommended Practice given 
on p. 298 of the 1928 edition of the S.A.E. HANDBOOK. 


THE DISCUSSION 


Mr. STRICKLAND:—In conversation with Mr. Crane be- 
fore the meeting regarding the balloon-tire standardization, 
I understood there is nothing to be done by the Standards 
Committee today, as he thought it would be best to leave 
the report in statu quo for the time being. 

Mr. HERRMANN :—We have worked so long on this report 
that we certainly should take very definite action today. 
I move that we act on this report in the usual way so that 
the industry will know where it stands with respect to this 
tire standard. It has been passed on by the Tire and Rim 
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THREAD-GAGE 








60°Chamfer.. 
Both Sides 








NOT GO Gage & 
( Depth YeWidth) * 


For Fine Threads 
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Nominall 
Thread | A 
Size, Incl. 
Nos. 0 {1 
to 6 
Nos. 8 {1 
to 12 
aie ae 
Yy4-% 134 














bo 





General Dimensions 


Drill 
P 


No. 41 


0.0960) 


No. 41 


0.0960) 


No. 31 


(0.1200 


No. 25 


(0.1495) 


No. 7 


0.2010) 


No. 1 


0). 2280) 


17 64 
(0.2656 

' a 
(0.2656 


2% 


(0.3281) 
my 
64 
(0.3281) 


2K 
(0.3281) 


1 


1 


“764 
(0.3906) 0 


(0. 4062) 


0.4062) 




















For Coarse Threads 


Drill 
R 


1L¢ 10 


4 
(0.1719 0 


oe 0 
0.1719 0 


| 
1 


“64 0 
0.3281 0 


0 


29 | 
6 0 


4 
(0.4531 0 


oe 0 


~ 64 
| (0.4531) |O 


334, 0 


(0.5156 0 45 


64 0.45 
(.05156) |0.4 


3364 0 


(0.5156) \0.4: 


af 0.5 
(0.6406) {0.5715 


i 


le 0. 
(0.2187 0 


les iQ, 
(0.2656) |0 


", 64 0 
(0.6406) {0 


| 















team 


Ss 


137 
137 


9 
vo 


1370) No. 


1373 


Leda Anur/ #0 70 
Course Knur/ lt to 








0 


0 


1810)No. 12-28/0 


1813 


2150 


2153 


2720 


2723 


3340 
3344 


3890 
3894 


3890 
3894 


5710 
5715 





Q. 


0 
Ae) 


0 
0 


0 
0 


0 
0 


0 


0. 


QO. 


0 


0 
iO 


0 
0 


iQ. 
Q. 


iO. 
10 


P.D. 


O|No. 8-36)0.1460 


1478 


8-36 0.1460 


1478 


1928 
1950 


2268 
2290 


2854 
2878 


| 


} 
| 


3479 
3503 


41050 
41076 


4050) 
1076) 
4675 
4701 
4675 
4701 
1675 
4701 


5889 
5919 









5889 
5919 
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211 
RING THREAD-GAGE 
Adjusting Screw 
/ { E 
2 Minor B 3 F H J 
Size P.D. Diam. Size P.D. Drill 
~¢-36 | 0.1442 | 0.1315} % | % |No. 2-64] 0.0759} No.50 | % | % | 0.020 
0.1460 | 0.1333 0.0773 | (0.0700) | Jx45 Cham fer 
ee ; : a 35" Saw ,, \ : 
12-28 | 0.1906 | 0.1744 | \% 34, |No. 4-48) 0.0985 | No. 42 | % 4 | 0.020 . Lace 
0.1928 | 0.1766 0.1001 | (0.0930) | F--~wW Be innnnn 
‘ - - - Hohl 
Y4-28 | 0.2246 | 0.2084 | % l~ \No. 6-40} 0.1218 | No. 32 ¥, l@ | 0.020 o- 7 tn 
0.2268 | 0.2106 0.1235 | (0.1160) be B -| 
5-24 0.2830 | 0.2641 5% 61 «6% )=6JNo. 10-32} 0.1697 No. 20 yf le | Ye 
0.2854 | 0.2665 0.1716 | (0.1610) 
— ; : Adjusting Screw 
34-24 0.3455 | 0.3266 yA 56, |No.12-28) 0.1928 | No. 14 lig 64 Léa 
0.3479 | 0.3290 0.1950 (0.1820) 
' | 
%-20 | 0.4024 | 0.3797 | % +6 144-28. | 0.2268 | No.3 lg A vA 
| 0.4050 | 0.3823 0.2290 ; (0.2130) 
4,20 | 0.4649 | 0.4422 | 14 «| 84-24 =| 0.2854 I Hl Mw | & 
0.4675 | 0.4448 | | 0.2878 | (0.2720) | 
K-18 | 0.5859 | 0.5607 | % 3% «=| 36-24 | 0.3479 Q | 54 V6 64 
— 0.5889 | 0.5637 0.3503 | (0.3320) 
} , | otic —— - — ——— 
, Dx 45 “Chamfer 
‘ / 
- 
32 
Dowel Bushing Clamp Screw 
x mf ss Fars, ant a ae 
32 . ’ : ’ , : , 
Drill B er B | ¢ Dp |E\|\F\|HId\| kK 
— A | Size Pi. ; 
16 Pe 2 Dowel Bushing 
No. 43 | 0.1368 | 44 |0.010)No. 2-64) 0.0745 | 7%) 5 | 0.0840 | %% | 2g | Me | 3% 10.010 
i (0.0890) | 0.1370 | 0.0759 | 0. 0860 
i ae . ‘ | I cecagihiinis . i——_|— . a 
| No. 32 0.1808 | 7% |0.020\No. 4-48) 0.0969 | 2341 3% | 0.1100 %e | %e | Ye | 3% 10.020 
_ (0.1160) | 0.1810 0.0985 | | 0.1120 | 
3 ane - . -| = . i — 
No. 27 0.2148 | 5 |0.020\No. 6-40) 0.1201 |1 lg | 0.1360 | % | te | % | lig |0.020 
= 0.1440) | 0.2150 | 0.1218 | | 0.1380 
3 —_—_ ~ . . = - 
32 a a ? , E - aes ea och 
No. 10 0 27 18 lig /32 No.10-32 0.1678 Leg 1¢ | 0 1880 “6 99 64 lig Vigo 
= | 0.1930) | 0.2720 0.1697 | | 0.1900 
° 
9 — : Kx45 Chamfer 
No. 2 | 0.3337 | % 9 |No.12-28) 0.1906 {1% | 5 | 0.2140 | % | 1% | Ye | Me le ’ 9 Cha 
al (0.2210) | 0.3340 0.1928 0.2160 
1 ee = — = = . 
8 ‘ 
k 0.3887 6 99 14-28 | 0.2246 |1 23g) % | 0.2480 | % | 3 | Ye | FG leo 
ad (0.2570) | 0.3890 | 0.2268 | 0.2500 
! I | 0.4507 LY, 64 16 24 0.2830 |1 3 40) LA | 0.3105 % 1965 | %4 3 <0 564 
“a (0.3230) | 0.4510 0.2854 | 0.3125 
1 ——_— - —— _ een ee = Cl 
8 “a ones PLR eM ea A niu ‘ Ry am r 
2°64 | 0.5707 j1 ly “4 34-24 0.3455 \2? 16 “6 | 0.3730 34 1% A | 349 6 . P Se _ 
-- (0.390) | 0.5710 0.3479 0.3750 
V4 | | | 
Note: Thin gage-blanks are to be used for National fine-thread ring-gages and Not-Go gages 
a and all National coarse-thread ring-gages up to and including %-in. size. Thick blanks are to 
ly be used for all National coarse-thread ring-gages above %-in. size. 


It is recommended that standard ring thread-gage blanks be used for special pitches as follows: 
No. 0 to % in., inclusive, thin blanks for all pitches. 
te to 1%-in., inclusive, thin blanks for 12 threads per inch and finer, and thick blanks for 
8 pitches coarser than 12 threads per inch. 


Above 1-in., thin blanks, for 10 threads per inch and finer, and thick blanks for pitches 
i coarser than 10 threads per inch. 
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Association, the Rubber Association of America, the Na- 
tional Automobile Chamber of Commerce and the Society 
in joint committee substantially as it is presented here. 
Motor-car companies are planning to go ahead with their 
selection of tire sizes, and to hold this matter open for 
another six months until we can get together again will be 
decidedly injurious to the progress of this important work. 
Although there have been some modifications of what was 
first agreed to, I really feel this is a great accomplishment 
and should be passed on today. Any future revisions or 
suggestions can be considered at our meeting next January 
or at our next Summer Meeting. The report is decidedly a 
step ahead, and for us to hold it up now will perhaps tend 
toward leaving the industry to get away from something 
that has required a tremendous amount of work to accom- 
plish. 


Attendance at Standard Committee Meeting 


Members of the Standards Committee and other members 
of the Society and its guests in attendance at the Stand- 
ards Committee Meeting were as follows: 


A. E. JOURNAL 


Standards Committee Members 


Azel Ames Herbert Jandus 

B. B. Bachman W. C. Keys 

Cc. C. Bohner C. M. Larson 

H. S. Broadbent B. J. Lemon 

H. E. Brunner L. E. Lighton 

Earle Buckingham A. F. Milbrath 

R. S. Burnett S. W. Mills 

S. R. Castor F. H. Prescott 

L. A. Chaminade H. J. Saladin 

Cc. F. Clarkson A. J. Scaife 

J. C. Geniesse W. R. Strickland 

H. W. Graham J. G. Swain 

J. E. Hale A. J. Underwood 

J. D. Harris George Walther 

K. L. Herrmann Hon. E. P. Warner 

M. C. Horine F. G. Whittington 
Society Members and Guests 

W. R. Anderson P. M. Heldt 

C. E. Banta FE. N. Horton 

C. Bockins H. F. Huf 

E. Botts J. H. Hunt 

R. A. Brannigan W. M. Johnson 

F. G. Bremer Cc. L. Knopf 

L. D. Byce W. L. McGrath 

J. T. Caldwell R. E. Plimpton 

Cc. &. Clark E. Reid 

A. Ferrier H. F. Schippel 

Walker Gilmer A. E. Snyder 


R. E. Wilkin 


The Fifth World Motor-Transport Congress 


LANS are well advanced for the Fifth World Motor- 

Transport Congress to be held in Rome, Italy, in Sep- 
tember, and an invitation has been received by the Society 
to be represented and for the presentation of one or more 
papers by its representatives. The first three of these Con- 
gresses were held in America, and the fourth Congress, 
held in London last November, was attended by several 
representatives of the Society. 

The Rome Congress this year is organized jointly by the 
Italian Automobile Manufacturers Union and the Royal 
Automobile Club of Italy, under the auspices of the Per- 
manent International Bureau of Automobile Builders, in 
Paris. It has the cooperation of the Italian Government, 
and assurances have been received that the State Depart- 
ments of various countries will be represented. Five days, 
Sept. 25 to 29 inclusive, have been designated for the 
Congress, and the preliminary program shows three ses- 
sions to be held daily after the first day. There are to be 
official reports by delegates from Great Britain, Germany, 
Italy, France, and the United States; luncheons by the 
Executive Committee of the Congress, the Automobile Club 
of Rome, the Royal Automobile Club of Italy, and the Ital- 
ian Government; various addresses; and papers on The 
Influence of Motor Transport on National Progress, The 
Use of Motor-Vehicles by National and Local Governments, 


Motor Fuel and Fuel Economy, Road Improvement and Its 
Finance, Cooperation Between Rail and Road Transport, 
and Means of Stimulating the Sales of Motor-Vehicles 
through Improved Organization. 

The object of the Congress is to discuss means to stimu- 
late action by governments and other bodies along lines 
consistent with the development of road motor-transport 
throughout the world. Italian, French and English are 
designated the official languages. 

Following the week of the Congress, 3 days—Oct. 1, 2 
and 3—have been set aside for official visits to the Italian 
factories of the Isotta Fraschini, Fiat and Pirelli com- 
panies, the Milan Autodrome, the Autostrada Milan-Como, 
and trips on Lake Como to Bellagio and by coaches to Briga. 

Dates fixed for the Congress are convenient for Ameri- 
can delegates who may desire to attend it and afterward 
to visit the Automobile Salon in Paris and the Olympia 
Show in London. As usual, the National Automobile Cham- 
ber of Commerce will be represented officially. 

Any member of the Society who desires to attend the 
Congress is requested to communicate promptly with the 
headquarters of the Society in New York City for full in- 
formation, so that proper arrangements can be made 
through the chairman of the Executive Committee of the 
Congress, Count Romeo Gallenga Stuart. 








Aluminum Production Expanding 


HE expansion program of the aluminum industry is 

so extensive that a period of unusually severe competi- 
tion seems to be ahead. The world production in 1927 
is reported as about 450,000,000 lb. of primary aluminum, 
of which the United States contributed about 160,000,000 lb. 

Important improvements in production methods and refin- 
ing are in course of development. Commercial aluminum 
of a purity of 99.99 per cent is apparently in sight, and 
clay as a source of aluminum is beginning to be utilized 
in place of bauxite. Since bauxite deposits generally are 
now rather closely held, methods permitting the economical 
substitution of clay should favor competitive developments. 


A favorable factor of importance in the aluminum situa- 
tion is found in the increasing diversity of uses for the 
metal and its alloys. Wide application of both is being 
made in automobiles and aircraft, household utensils, and 
in steel works and foundries, while a new and broad field 
is opening up in the construction of railway and electric 
cars. The use of aluminum paints is extending rapidly, 
and aluminum is beginning to displace tin for collapsible 
tubes and to serve as a substitute for tin plate in milk cans. 
For certain types of chemical equipment the metal is prov- 
ing almost indispensable.—Industrial Bulletin of Arthur 
D. Little. 
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Standardization Activities 


CTIVITY in the 
matter of surveys 
and questionnaires 
throughout the auto- 
motive industry has 
been increased _ re- 
cently by the Stand- 
ards Department, in 
an endeavor both to determine the 
extent of use of present. specifications 
and, somewhat more frequently, to ob- 
tain data on various subjects for the 
use of committees studying and formu- 
lating specifications for such subjects. 
The percentage of replies is still un- 
satisfactory, although it is realized that 
in many instances the letters did not 
reach those persons most vitally con- 
cerned with the subject matter. In 
most cases, however, answers and in- 
formation can be obtained from the 
majority of the active organizations 
whose interest in the Standardization 
Activities of the Society is indicative 
of their general progressiveness along 
all lines. 


FRONT-AXLE HUBS 


A summary of replies on the use of 
the S.A.E. Specifications on Front-Axle 
Hubs, pp. 289-301, in the 1928 edition 
of the S.A.E. HANDBOOK, indicates that 
of 18 passenger-car companies only one 
uses these specifications. Twenty-six 
truck companies replied, showing that 
2 use the specifications, 14 do not use 
them, and 10 leave the matter of axle 
and hub dimensions to the axle manu- 
facturers. 

The axle and wheel manufacturers, 
judging from the comments submitted, 
appear to follow various designs as re- 
quired by other features of the chassis 
for which the axle and wheels are made. 
The type of bearings used also affects 
the design to a large extent. It is 
therefore evident that the S.A.E. Spe- 
cifications are little used. 

This matter has been submitted to 
the Axle and Wheels Division of the 
Standards Committee through a letter- 
ballot to determine whether the S.A.E. 
Specifications for Front-Axle Hubs 
should be revised or cancelled. Al- 
though a number of the replies in the 
survey indicate that many engineers 
feel that this is not a suitable subject 
for standardization, the letter-ballot of 
the Division will determine what action 
Should be taken. If the consensus of 
opinion of the Division members is for 
revision, the chairman will appoint a 
subdivision to formulate such a revi- 
sion. Otherwise this item will be sub- 


mitted to the Standards Committee for 
cancellation. 





Survey of S.A. E. Standards 


Replies Form the Basis of Action by Standards 


Committee Divisions 


STARTING-MOTOR CABLE 


A survey of the use of the S.A.E. 
Standard on Starting-Motor Cable, pp. 
126-131, of the 1928 edition of the 
S.A.E. HANDBOOK, indicates a wide- 
spread adoption of these specifications 
among the major passenger-car and 
truck manufacturers. Replies were re- 
ceived from 44 companies, of which 27 
use the specifications entirely and 5 
use them as a basis for purchasing. 
Twelve of the companies replying do 
not use this standard at all. 

The summary of replies is being 
submitted to the Electrical Equipment 
Division and to the Subdivision on 
Insulated Cable, which is at present 
engaged in determining suitable physi- 
cal-property specifications, involving 
corona, as it has been found that the 
present material specifications exclude 
some of the best-known and most widely 
used cable manufactured. It is antici- 
pated that, should such specifications 
be developed, the best part of the 
present standard can be incorporated 
to produce a more thorough and com- 
plete standard for this item. 


CHARGING PLUGS 


Information received from one of the 
largest manufacturers of charging 
plugs and receptacles indicates that the 
present S8.A.E. Standard for these items 
for electric vehicles, p. 155 in the 1928 
edition of the S.A.E. HANDBOOK, is in 
general use among manufacturers of 
this type of vehicle. More than 90 per 
cent of electric vehicles are equipped 
with this type of plug, which is also 
being used to a large extent on electric 
baggage-trucks. Aside from the vehicu- 
lar use of S.A.E. Standard Plugs and 
Receptacles, the specification has been 
adopted to a great extent by the United 
States Government, for use particu- 
larly on docks for the transmitting of 
power to ships of the Navy when tied 
up. 

Although the present specification 
calls for plugs of two capacities, name- 
ly, 50 and 150 amp., the former 50-amp. 
plug is now, at the request of the Na- 
tional Board of Underwriters, rated by 
the manufacturers as a 100-amp. plug. 
The Electric Vehicle Division will take 
under consideration the revising of the 
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specifications relative 
to the change of rat- 
ing of the 50-amp. 
plug. 

This standard was 
adopted by the Soci- 
ety in 1916 and is a 
good example of the 
unifying of practice through standards 
for both the manufacturer and the user. 


Heat-Treatment Definitions 


HE Joint Committee of the Ameri- 

can Society for Testing Materials, 
the American Society of Steel Treaters 
and the S.A.E. on Heat-Treatment 
Definitions recently recommended the 
following additional definitions under 
the present definition of annealing on 
p. 355 in the HANDBOOK. 

Full Annealing.—Heating iron-base 
alloys above the critical temperature 
range, holding above that range for a 
proper period of time, followed by slow 
cooling through the range. 

Note:—The annealing temperature 
is generally about 100 deg. fahr. above 
the upper limit of the critical tempera- 
ture range, and the time of holding is 
usually not less than 1 hr. for each inch 
of section of the heaviest objects being 
treated. The objects being treated are 
ordinarily allowed to cool slowly in the 
furnace. They may, however, be re- 
moved from the furnace, and cooled in 
some medium which will prolong the 
time of cooling as compared with un- 
restricted cooling in the air. 

Process Annealing.—Heating iron- 
base alloys to a temperature below or 
close to the lower limit of the critical 
range, followed by cooling as desired. 

Note:—This heat-treatment is com- 
monly applied in the sheet and wire in- 
dustries, and the temperatures gener- 
ally used are from 1020 to 1200 deg. 
fahr. (549 to 648 deg. cent.) 

Patenting.—Heating iron-base alloys 
above the critical temperature range, 
followed by cooling to below that range 
in molten lead maintained at a tem- 
perature of about 700 deg. fahr. (367 
deg. cent.) 

Note :—This treatment,is usually ap- 
plied in the wire industry either as a 
finishing treatment or especially in the 
case of eutectoid steel as a treatment 
previous to further wire-drawing. Its 
purpose, is to produce a sorbitic struc- 
ture. 

These additions have been submitted 
to the Iron and Steel Division of the 
Society and, if approved, will be sub- 
mitted to the Standards Committee in 
January. 

















Oneration and Maintenance 


HE subject of 
Man-Power Re- 
quired per Vehicle Op- 


$2 


(Juestionnaires Submitted 


power requirements 
have been sent out by 


F. C. Horner’s sub. 
erated and Seasonal . committee. It is ex. 
Fluctuations in Man. =Lruck and Motorcoach Data Desired on Man- jected that the result 
Power Requirements 


was chosen by the 
Operation and Mainte- 
nance Committee as 
tant to the operators, especially in 
cases where the fleet operation is a 
major activity and where the operators 
do their own maintenance work. There- 
fore, the accumulating of data was as- 
signed to a Subcommittee, known as 
Subcommittee No. 4, under the chair- 
manship of F. C. Horner, who was 
assisted by Donald Blanchard in get- 
ting the work started. 

As a result of preliminary study, the 
accompanying questionnaires have been 
prepared and sent to about 200 motor- 
truck fleet-operators and to about 50 of 
the major motorcoach fleet-operators. 
They are published herewith to give all 
members of the Society who are inter- 
ested an opportunity to send in the in- 
formation desired in the event that they 
have not directly received copies of the 
questionnaires. 

Replies should be sent to the Stand- 
ards Department of the Society in New 
York City, to be analyzed by the Sub- 
committee and used in preparing a re- 
port for presentation at one of the 
sessions of the Annual National Trans- 
portation Meeting of the Society, which 
is to be held at the Robert Treat Hotel 
in Newark, N. J., Oct. 17 to 19, 1928. 

If any operating member wishes to 
fill in the regular questionnaire blank 
and will so notify the Standards De- 
partment, copies of these questionnaires 
will be sent him. Further, any opera- 
tor who is not a member of the Society 
can obtain a copy of the report after it 
has been submitted by requesting it of 
the Standards Department. 

All who respond to the questionnaire 
with the information asked for should 
do so as soon as possible, so that the 
Subcommittee’s report can be drafted 
from them and submitted to the mem- 
bers of the Operation and Maintenance 
Committee for comment. 
the Subcommittee report then seems 
advisable, there will be time enough 
for such revision before the presenta- 
tion of the report at the Transportation 
Meeting. 


being impor- 


If revision of 


MotTor-TRUCK AND MOTORCOACH 
QUESTIONNAIRES 


The questionnaires are combined 
on p. 215 in the following manner. For 
use as a Motor-Truck Questionnaire, 
strike out question 1-B, retaining ques- 
tion 1-A. For use as a Motorcoach 


Power per Vehicle 


Questionnaire, strike out question 1-A 
and retain question 1-B. 


Work of the Subcommittees 
RESENT activities of the subcom- 
mittees of the Operation and 
Maintenance Committee are centered 
on the accumulating of data for the 
preparation of preliminary reports to 


be circulated among the members of 
the Committee for criticism, and on 


the preparation of final reports to be 
presented at the National Transporta- 
tion Meeting in Newark, N. J., Oct. 
17 to 19. 

J. F. Winchester’s preliminary work 
on developing standardized Mechanical 
Information-Sheets was published in 
the July issue of THE JOURNAL, p. 120. 
These sheets will make it possible for 
fleet operators to tabulate accurate 
records of mechanical parts and other 


information received from _ vehicle 
manufacturers for service and parts- 


replacement purposes. 

E. C. Wood’s program includes a 
broad study of the value of accessories 
with relation to maintenance require- 
ments, and questionnaires 


on man- 


ing information will 

be the basis for valu- 

able reports on these 
three important subjects. 

The subcommittee of which T. lL, 
Preble is chairman has been collecting 
data on the selecting and training of 
mechanics and their payment, together 
with information relating to time- 
study; and the same can be said of 
the subcommittee headed by Ethelbert 
Favary, on the subjects of drivers, 
their selection, training and paymeni, 
as well as safety measures affecting 
operation. 

Administrative systems and meth- 
ods, budgeting methods and practices, 
are subjects being investigated by the 
subcommittees under the leadership of 
L. V. Newton and W. F. Banks, 
respectively. In connection with mo- 
tor-vehicle cost-accounting, Mr. New- 
ton says: “I feel that the Society can 
establish the fundamentals of a good 
cost-determination plan, and get vari- 
able charges defined and treated alike 
so that comparisons can be made be- 
tween them on a ton-mile basis.’ The 
purpose of this study is more specif- 
icaliy to provide a comparable system 
of cost-determination and classification 
by fleet-operating and maintenance 
engineers, but not to develop an ac- 
counting system. 


Data Desired on Accessories 
Air-Cleaner, Shock-Absorber and Oul-Filter Effect 
on Maintenance 


N working up his assigned subject, 

The Effect on Vehicle Maintenance 
of the Use of Such Accessories and 
Parts as Air-Cleaners, Oil-Filters, and 
Shock-Absorbers, E. C. Wood, chair- 
man of Subcommittee No. 2 of the Op- 
eration and Maintenance Committee, 
has sent questionnaires to the members 
in the operating group on the Pacific 
Coast and will welcome detailed 
mation from those located elsewhere. 
The information desired has to do 
mainly with the effect of these devices 
on maintenance costs, and it should be 
addressed to the Standards Depart- 
ment of the Society in New York City 
for transmittal to Mr. Wood. 

The questionnaires sent out by Mr. 
Wood are printed herewith. 
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infor- 


QUESTIONNAIRE ON AIR-CLEANERS 


What type and make of air-cleaner do 
you consider the most efficient? 

What results have you 
regard to air-velocity 
fuel consumption? 

At what period of time or mileage do 
you recondition the air-cleaners? 
What percentage of engine 
nance can be credited to 

cleaner? 

What percentage of solid material is 
held in suspension under average 
conditions in your locality? 

What percentage of the atmosphere is 
cleaned by the filter or cleaner? 

What failures have you had with air- 
cleaners? 


with 
and 


obtained 
changes 


mainte- 
the air- 


a 
a 
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MOTOR-TRUCK AND MOTORCOACH QUESTIONNAIRES 






















1-A. How many trucks do you operate?............ (Please classify 2. What is the total annual maintenance-mileage 
I as to capacity and body type). of your fleet? Miles. 
3. What percentage of your annual mainte- 
rements | M otor-Truck Capacities, Tons nance-cost is represented by work done in 
out by | ; outside shops? ...... Per Cent. 
rs sub. | Body Types 
is ex. 1 and 11% to | Over 2 Over Fe war 1. What percentage of your total annual main- 
- result. | Less 2 to 3% 3M [ractors | Trailers tenance-cost is work done due to acci- 
on will : . dents? Per Cent. (In figuring this 
Panel percentage please use the gross cost of 
or valu. accident repairs without any deductions 
n these Screen Side for amounts recovered from insurance 
" companies or from other parties). 
yee Platform aaa ; 
llecting 5. What percentage of your annual mainte- 
ning of Dump nance-cost is represented by non-produc- 
ogether = . tive labor such as clerical help, supervision, 
: lank stock clerks, and the like? Per 
) time- - Cent. 
said of Other Types 
thelbert 6. What is the average number of men em- 
drivers, = i : ployed for garage service, which includes 


ayment, 
ffecting | 


7 supplying gasoline, oil and water, routine 
Peete eee eee inspection, tire inflation, adjustment, 
lubrication, and washing? , Men. 


1-B. How many motorcoaches (buses) do you operate 
(Please classify as follows): 
































| 2 sisipantetitacicaag : 

meth- = ; an : Merrie ; : 7. What is the average number of men employed 

-actices Body Types Number of Passenger Seats per Vehicle) Number of on repair work? Men. 
s | Vehicles 

by the 
ship of ‘ * ———|—_____—_—_— 8. If the same crew of men handle both garage 
Reais ” and repair maintenance-work, what is the 
th ‘ (a) City total number of men employed for this 
ith ms (Single-Deck service and how is their time divided be- 
- New. | tween - garage service and actual repair 
ety can maintenance-work ? Number of men 
a good Time on garage service 
et vari- : Per Cent. 
4 oe (b) Suburban 
a e | (Single-Deck) 9. How many hours per month do your main- 
ey The - - tenance men work? Hr. 
a e | 

specif- . — 10. How many hours per month are charged to 
svstem washing and cleaning? ...... Hr. 
fication ee Sie he ; 11. What are the maximum and the minimum 
tenance | c) Parlor Car , 

7 number of maintenance men _ employed 
an ac- | during the year? Maximum, . Men. 
Minimum, Men. 


During what month is the maximum number 


i > aicod— ek . ° _ ¢ 
d) Raised-Deck employed? 


Parlor-Car 
arior-Tal 
During what month is the minimum number 

employed? 


S 
{fect 


12. What is the cost of mechanical labor per 
vehicle per day? $ 
(e) Sedan . ‘ ’ 
What is the cost of mechanical labor per 


vehicle per mile? $ 
\NERS 13. What is your cost of total maintenance-labor 
NERS per vehicle per day? $ 
iner do 
» 
d with 
es and 


(f) Double-Deck What is your cost of total maintenance-labor 
per vehicle per mile? $ 


~— — 14. Do you perform the following classes of 









Definitions maintenance in your own shop? 
(a) City (Single-Deck) type is for mass transportation to carry both 4 J 
) : 26 C 
age do seated and standing passengers. ‘ z Yes No 
rs? (b) Suburban (Single-Deck) type has a longitudinal aisle and cross-seats Electrical 
inte and provides for a limited number of standing passengers. Carbureter 
né - 7 R 3 . . . . . 
al z (c) Parlor-Car type has a longitudinal center-aisle and carries seated pas- Tires 
ne ai @ sengers only. Radiators 
| (d) Raised-Deck Parlor-Car type has a part of the passengers’ compart- Painting 
ial is ment-deck constructed on the chassis frame, and the other part con- Body repairs 
‘rial 1s structed over a compartment or other space not used for passengers. ody repairs 
\verage (e) Sedan type has full-width transverse-seats and more than two entrance Welding 


doors, and is for carrying seated passengers only. mes : ; 
Rebuilding complete units such as engines, 





i (f) Double-Deck type has two-passenger-decks, one directly over the other. - - . 
here is This type does not include the raised-deck parlor-car. axles, and the like, Yes . No 
r? 
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What do you consider the air-cleaner 
has saved in your engine-mainte- 
nance cost? 

What mechanical faults have you found 
in the construction of air-cleaners? 
What recommendations can you sug- 

gest in this field of operation? 

Any information on this subject that 
you believe will reduce the cost of ve- 
hicle maintenance will be appreciated. 


QUESTIONNAIRE ON SHOCK- 
ABSORBERS 


What data have you on the flexibility 
and resiliency of spring design with 
the regulation of load control by the 
shock-absorber? 

What is the ability of the shock-ab- 
sorber to build up resistance and 
check rebound in proportion to the 
blow? 

Data are desired also on: 

The ability and time-period in check- 
ing rebound 

The checking of the unresisted blow 
and the extraordinary force in re- 
bound 

The original body-position without 
accelerated forces and the smooth 
rapid return with variable load- 
conditions 

The tension placed on springs by 
means of straps, springs, and the 
like 

The spring action as allowed by the 
shock-absorber 

What comparative maintenance data 
have you on truck operation, using 
shock-absorbers? 

What motorcoach data have you show- 
ing the advantages of shock-absorb- 
ers, variable load-deflections, and the 
like? 

Any information on this subject that 
you believe will reduce the cost of ve- 
hicle maintenance will be appreciated. 


QUESTIONNAIRE ON OIL-FILTERS 


What type and make do you consider 
the most efficient? 

What type and make demands the least 
attention? 

What trouble have you had with any 
type? 

What main trouble have you had with 
all types? 

What percentage of saving in engine 
maintenance do you credit to the 
filter? 

What percentage of your oil cost have 
the filters saved? 

What comparative cost-data have you 
on bearing lubrication with filter op- 
eration? 

What comparative cost-data have you 
on bearing lubrication without filter 
operation? 

At what mileage or time-period do you 
recondition the filters? 

How do you determine the condition of 

the oil? 
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What effects have you experienced with 
various grades of oil passing through 
the filtering materials? 

What percentage of oil do you think 
the filter reclaims? 

What performance have you noted in 
the filter with regard to its acting as 
a fractionating still? 

What percentage of diluent content do 
you think is removed by the filter? 
What chemical changes have you noted 
such as are indicated by tests for sul- 
phuric acid (HeSO.) and potassium 

hydroxide (KOH)? 

What effects have you noted from wa- 
ter in the filter? 

What effects have you noted on the 
corrosive properties of filtered oil? 
What effects have you noted on the 
temperature range of filtered oil? 

Have you had any filter failures? 

What was the cause of the failure? 

What do you consider the average price 
of a filter should be on a mileage 
basis? 

Has the oil-filter extended your over- 
haul period? 

To what extent? 

What suggestions have you to solve the 
filter problems? 

Any information on this subject that 
you believe will reduce the cost of ve- 
hicle maintenance will be appreciated. 


INQUIRY ABOUT COMMITTEE 
REQUIREMENTS 


Mr. Wood will be glad to supply 
data as to the requirements of the 
Committee in making the study, with a 
view to getting cooperation from the 
membership and the industry at large. 
Requests for such information should 
be addressed to E. C. Wood, superinten- 
dent, transportation department, Pa- 
cific Gas & Electric Co., 445 Sutter 
Street, San Francisco. 


The Flat-Rate-System 


T has been proved that the flat-rate 

method of charging for service work, 
when properly applied, is so far su- 
perior to the other method that there 
is no comparison. Flat-rate pay to the 
mechanic speeds up work considerably, 
making it possible to handle a larger 
volume of service business with a lim- 
ited amount of floor space, and enables 
the good man to earn considerably more 
pay than when on the hour-rate or the 
weekly-wage basis. The slow lazy me- 
chanic is automatically eliminated un- 
der the flat-rate plan, as he receives 
pay in proportion to his speed and abil- 
ity and cannot make a proper wage. 
This method of paying mechanics re- 
duces labor costs, even though the me- 
chanic earns considerably more because 
his efficiency is increased. 











The standard of workmanship is 
raised when mechanics are paid by the 
flat-rate method, since each mechanic 
must guarantee his work. If the ser- 
vice job comes back because the work 
was improperly done, the mechanic 
must do it over without compensation; 
hence, he is very careful to see that 
everything is correct. The flat-rate sys- 
tem represents, we feel, the most im- 
portant advance in service methods that 
has ever been accomplished. 

FIXING FLAT-RATE PRICES 

To obtain flat-rate prices, the oper- 
ation should be performed at the fac- 
tory under the supervision of a flat- 
rate time-study engineer. After the 
flat-rate prices are thus set, the aver- 
age time required to perform the vari- 
ous operations should be obtained from 
a representative number of dealers and 
a grand average of the time taken. 

In arriving at a price for a service 
operation, we have three factors with 
which to contend. The cost of labor, 
plus overhead expense, plus profits, 
equals the customer’s price. It is best 
to eliminate hours and minutes from the 
schedule. 

To arrive at the flat-rate price to be 
paid the mechanic, the average hourly 
pay for mechanics can be obtained from 
a representative number of dealers. 
The amount of unavoidable lost time 
that the mechanics suffer when prompt 
service is given is almost universally 
established at 15 per cent. To estab- 
lish the mechanic’s flat-rate pay for 
any service operation, we take the av- 
erage hourly rate obtained from deal- 
ers, add 15 per cent for lost time which 
the mechanic must absorb, and also add 
10 per cent as a safety factor and to 
permit the average mechanic to earn 
more pay than he could when being 
paid by the hour. We then add a suffi- 
cient amount to pay overhead and make 


a reasonable net profit. The proper 
overhead percentage can be obtained 


from the dealers. 

A study showed that the large-scale 
dealer has a larger overhead in pro- 
portion to volume than the dealer in a 
smaller city; of the amount paid the 
mechanic, it varied from 125 per cent 
for the average dealer to 170 per cent 
for the large-scale dealer. After add- 
ing the overhead to the mechanic’s 
price, we then must add approximately 
15 per cent for profit. The dealer in a 
large city should take 66°s per cent of 
the established flat-rate charge, paying 
his mechanics 334% per cent; the aver- 
age dealer should take 60 per cent, pay- 
ing his mechanics 40 per cent. The price 
paid the mechanic, however is the same 
amount in dollars and cents in both 
cases, the difference being in the price 
charged the car owner.—H. M. Wie- 
gand, director of service, Dodge Bros., 
Inc. 
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Production Engineering 


THE Production 

Committee of 
the Society, under 
the present organ- 
ization of seven 
groups, is making 
definite progress 
along lines mapped 
out in an organization chart prepared 
by Chairman FE. P. Blanchard. 

V. P. Rumley, chairman of Group 1, 
on Material Handling, and his group 
associates, N. H. Preble and C. C. Mar- 
tin, are studying the relation between 
volume of stock on hand and material 
in process, as affected by the produc- 
tion volume and the schedule in various 
plants. Mr. Rumley believes that one 
of the greatest savings in the present 
production processes, as compared with 
those of a few years ago, is the marked 
reduction of inventory and the conse- 
quent faster turnover of working capi- 
tal. 

Also on the schedule of this Group is 
a study to define the point in volume 
and manufacturing conditions at which 
it pays to change from material- 
handling methods that require an ac- 
cumulation of stock in process, with 
periodic moving, to methods involving 
the continuous conveyor. 

Chairman G. W. Blackinton has, in 
Group 2, on Processes and Equipment, 
two men who were chosen specifically 
for the development of proposed belt- 
ing and power-transmission standards. 
When drafted, their proposals are to 
be referred to the Standards Committee 
for consideration and approval. This 
group has also for study the question 
of whether the Society might secure 
and publish descriptions of various 
processes established in plants through- 
out the industry, with the idea of fur- 
nishing a choice of methods to which 
production engineers might refer for 
suggestions applicable to their own 
problems. Another subject for the at- 
tention of this Group, suggested by F. 
T. Ellis, of the Production Advisory 
Board, is that of Plant Maintenance, 
with special attention to the control 
and cost of machine repairs and to 
plant piping and other phases of plant 
engineering. 

Group 3, under Chairman Eugene 
Bouton, is taking up the further de- 
velopment of motion and time study. 
He is already in contact with Harry 
Ford, J. C. Mottashed and William 
Bayes, members of the group, on this 
work, and they will give attention to 
the various methods now established in 
the industry for the training of the 
mechanics, foremen and production en- 
gineers of the future. While the sub- 
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Groups Are Taking Up Different Subjects and 


Planning Meetings 


ject of Personnel Relations also comes 
within the scope of this group, Mr. 
Bouton believes that activities along 
this line should be held in reserve until 
other subjects more directly related to 
production and to the man on the job 
have been studied. 

An attempt is being made this year 
by Group 4, on Production Expense, 
under H. P. Harrison, to work out a 
definite plan for Depreciation and Ob- 
solescence Practice that shall prove 
satisfactory to the production man as 
well as to the accountant. In connec- 
tion with this is consideration of a 
standardized equipment program for 
renewals and repairs, based on the ac- 
countant’s depreciation practice, so that 
funds shall be more directly available 
for the purchase of equipment when 
needed. This is in line with the very 
interesting talk given by E. W. Weaver 
at last year’s Production Meeting. 

Several matters from other groups 
of the Committee will be referred to 
Group 5, on Production Standards. 
This group, under the chairmanship of 
L. F. Maurer, comprises the same men 
as the Production Division of the 
Standards Committee of the Society. 
This avoids any overlap in activities. 
Groups 1, 2 and 6 have suggestions that 
will be referred later to this group. 

Group 6, under Chairman A. H. 
Frauenthal, is planning for an early 
meeting in Detroit, at which the sub- 
jects of Recommended Tolerance Prac- 


Production Committee Work | s‘tsspection win 


be considered. The 
group members are 
interested particu- 
larly in the work 
being done on the 
standardization of 
Gages and Master Gages, and may find 
an opportunity to consider a more ex- 
tensive use of fluid gages in the shops 
of the industry and to report on what 
X-ray inspection methods have to con- 
tribute. A. J. Black, of the Wright 
Aeronautical Corp., has been added to 
this group. 

Guy Hubbard is the chairman of 
Group 7, the members of which com- 
prise also the Production Meetings 
Committee covering the program and 
arrangements for this year’s Annual 
Production Meeting on Nov. 22 and 23. 
Other work of the group is the develop- 
ing and indicating of points of contact 
between design and production en- 
gineers, and attempting to make the 
programs and papers of the Society of 
a sort that will be of as great interest 
to the production engineers of small 
plants as to those who are operating on 
a larger-quantity basis. 

Each of the various groups expects 
to make a progress report on its work 
at the Production Meeting, and the 
plans now being formulated for the 
program for that meeting promise 
some of the most interesting sessions 
in recent years. The Production Com- 
mittee is showing definite progress, and 
virtually every member is charged with 
the responsibility of reporting on one 
or more of the phases of its work. The 
chairman believes that marked progress 
and constructive results will be ob- 
tained during the year. 


Plain Ring-Gage Blanks 


Criticism of Specification Is Invited Pending Its 
Adoption as S. A. E. Standard 


T the time the American Gage-De- 
“ sign Committee was working on 
the standardization of blanks for cyl- 
indrical and threaded plug-gages and 
ring thread-gages, which have been re- 
ported in previous issues of THE JouR- 
NAL, a standard was also being drafted 
for plain ring-gages. The Production 
Division of the Society’s Standards 
Committee has been following this 
work closely, and recommended at the 
Standards Committee meeting at Que- 
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bec in June that the reports on cylin- 
drical and threaded plug-gages and 
ring thread-gages be adopted as S.A.E. 
Recommended Practice. 

Since the meeting of the Standards 
Committee, the following specification 
for plain ring-gage blanks has been 
submitted to the Society by D. W. 
Ovaitt, Chairman of the Technical Sub- 
committee of the American Gage-De- 
sign Committee. The report is pub- 
lished for the information of members 
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K-----B8 > 
“Medium Hnur/ 
Go Not Go 
PLAIN RING GAGES 
Range A Bush- 
Gage includ- B C Radius Groove ing 
Size Above ing + 0.010 + 0.010 D E F L 
00 0.059 0.150 15/16 3/16 3/8 1/32 1/32 1/4 
0 0.150 0.240 15/16 3/8 7/16 1/32 1/16 7/16 
1 0.240 0.365 1 1/8 9/16 9/16 1/16 3/32 5/8 
2 0.365 0.510 1 3/8 3/4 3 1/16 3/32 13/16 
3 0.510 0.825 1 3/4 15/16 — 3/32 3/32 1 
4 0.825 1.135 2 1/8 1 1/8 — 3/32 3/32 1 3/16 
5 1.135 1.510 2 1/2 165/16 — 3/32 3/32 1 3/8 
Materials.—Shells of sizes Nos. 00 to 2, inclusive, to be of cold-rolled steel: gages of 
size No. 3 and larger to be of hardened tool-steel. 
1 Tolerance on hole for bushing, + 0.000, —0.005 in Bushing diameter, D+0.020 in 


to allow for fitting. 


before the Production Division acts on 
it. The Division feels that any con- 
structive criticism of the report that 
members may wish to make should be 
forwarded to the Society’s Standards 
Department promptly. All such com- 
ments will be summarized and referred 
to the Division prior to any action it 
may take as to recommending the adop- 
tion of the report by the Society as one 
of its standards, probably at the An- 
nual Meeting next January. 

The report relates only to blanks for 
the gages, the finished gaging-dimen- 
sions being left to the requirements of 
the gage purchasers or users. The 
blanks provide for gaging pieces up to 
and including 1%-in. nominal diam- 
eter, the ranges of the gage sizes cor- 
responding to those in the report on 
cylindrical and threaded plug-gages, 
published in this issue of THE JOURNAL, 
p. 208. The “Not Go” gages are dis- 
tinguished by a groove. 


Depreciation and Obsolescence 


YEAR and tear, or depreciation, is 

a scientific measurement and can 

be determined accurately in cost ac- 
counting. Obsolescence is analogous to 
fire as a risk. It cannot be determined 
any more than the date a building will 
burn can be determined. An arbitrary 
basis of accounting for the two factors 
does justice to neither, and fails in ade- 
quately providing a fund for replacing 
machinery when its value has been de- 
stroyed by its being worn out or ren- 
dered obsolete. 


No bushing used in sizes No. 


3 and larger 

If obsolescence is defined as repre- 
senting the dead line beyond which a 
machine cannot compete profitably 
with another machine, none of the ma- 
chine’s value is destroyed until the 
dead line is reached; then the value is 
destroyed all at once. Depreciation ap- 
proaches its dead line by gradual and 
constantly diminishing value. There- 
fore, the two cannot accurately 
lumped. 

Natural caution and economy prompt 
us to retain methods and equipment 
long after the period of their greatest 
usefulness or profitableness. Facts and 
information are probably the greatest 
factors for providing the assurance and 
courage necessary to discard the obso- 
lete and inaugurate the new. At pres- 
ent, no facts or information seem avail- 
able to the public generally. Some of 
the most ingenuously managed con- 
cerns have data and policies concern- 
ing obsolescence, but this only accentu- 
ates the inability of others to continue 
satisfactory profits. The market price 
established by the most efficient is a 
difficult goal for the efficient to 
achieve. Probably the most stabilizing 
and most profitable competitive condi- 
tion is when all are as efficient as the 
most efficient. Therefore, whatever can 
be done to approach this end should 
have practical value. 

It seems that there are two impor- 
tant phases of industrial-equipment 
study; one to bring out facts that show 
obsolescence to be an important factor 
in production costs; and another, which 
should follow as a natural consequence, 


be 


less 





the importance of correctly evaluating 
and providing for obsolescence in cost 
accounting. 

The first result would probably best 
be attained by a comprehensive study 
among manufacturers of machinery of 
the history of specific machines; such 
as milling-machines and planers. A 
study of the milling-machine, for in- 
stance, would likely show an important 
development or improvement on an ay- 
erage of every so many years. Per- 
haps a study of the manufacturer’s 
sales records would reveal whether a 
machine was purchased to replace one 
that had become inadequate by obso- 
lescence or by depreciation. These de- 
velopments would be studied for the 
further purpose of determining the 
standard, under the various conditions 
of production, against which machines 
could be measured for obsolescence. 

The second phase of the study would 
involve the enumeration of the machines 
in the users’ plants of whatever indus- 
try or industries selected. The census 
of the machines in use would probably 
include such questions as the type, 
model, and size of the machine; floor 
space occupied; productivity and age of 
the machine; power consumption; re- 
pairs; and rejects of its product. These 
items are tentative as yet. 

The outcome of the industrial-equip- 
ment survey proposed by the Depart- 
ment of Commerce depends, of course, 
largely upon our success in obtaining 
basic information. If some basis could 


be developed upon which to provide 
for insurance against the hazard of 
obsolescence, the value of the study 


would undoubtedly more than justify 
the efforts of the Department and the 
cooperation of those from whom data 
must be obtained. Such result would 
probably be an important contribution 


toward the stabilization of American 
prosperity.—From a Bulletin of the 
Department of Commerce. 
Uses of Aluminum 
engineers who have 


| praia ga 
occasion to use aluminum alloys will 
interested in the paper by R. §S. 
Archer, appearing in this issue begin- 
ning on p. 149. In this paper Mr. 
Archer tells something of the progress 
in fabrication of aluminum alloys and 
gives an idea of the extent to which 
their utilization has been extended. 
Present limits of size in castings, forg- 
ings and rolled sections are indicated, 
and the gains to be realized by substi- 
tuting the lighter material are outlined. 
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Personal Notes of the Members 


Honorary Degree for Kettering 


c. F. Kettering, Vice-President of 
the General Motors Corporation, has 
been made Honorary Doctor of Engi- 
neering by the University of Mich- 
igan in recognition of a “public bene- 
factor, a great engineer and an in- 
yentor of the highest scientific attain- 
ment.” The citation further adds that 
his invention of starting, lighting and 
ignition devices, known as the Delco 
system was an important contribution 
to the automotive industry. The com- 
plete system of cranking, lighting and 
ignition. quickly followed the develop- 
ment of his first generator system of 
ignition, which was adopted by the 
Cadillac Motor Car Co., and in the 
summer of 1911 the first Delco- 
equipped car appeared on the market. 
The degree of Doctor of Science also 
was conferred upon him recently by the 
University of Cincinnati. 

A most familiar figure to all con- 
cerned with Society affairs, Mr. Ket- 
tering, who held the Presidency of the 
Society in 1918, has ably filled many 
committee offices since his election to 
membership in 1911. He served for 
five successive years on the House Com- 
mittee, acting as Chairman of this 
Committee in 1919 and 1923, and has 
been a Research Committee member 
for several years. He has been a mem- 
ber of various other committees, 
among them, the Simplified Practice 
Committee, the Electrical Equipment 
Division and the Lighting Division of 
the Standards Committee. He is the 
author of numerous articles, embrac- 
ing a wide range of valuable engineer- 
ing and scientific data, which have been 
published in THE JOURNAL and the 
TRANSACTIONS. 


E.W. Templin’s New Position 


E. W. Templin has resigned as chief 
engineer of the Six Wheel Co. at Phil- 
adelphia, to take charge of the Na- 
tional fleet of trucks for the Mavis 
Bottling Co. of America, whose head- 
quarters are in Baltimore. He joined 
the engineering staff of the Six Wheel 
Co. in 1925. Prior to establishing this 
connection, he was successively associ- 
ated with the Selden Motor Vehicle 
Co. and the Goodyear Tire & Rubber 
Co 

Mr. Templin joined the Society in 
1918 and the Cleveland Section in 
1921, transferring his Section mem- 
bership to Pennsylvania in 1925 when 
he entered upon his affiliation with the 
Six Wheel Co. His membership in the 
Society has been marked by a coop- 
erative spirit and constructive service. 
During the last four years, as a mem- 
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ber of the Motorcoach Division of the 
Standards Committee, he has _ con- 
tributed valuable support to the work 
of this Division. He has also been 
prominent in Section affairs, having 
been elected Treasurer of the Penn- 
sylvania Section in 1925 and Chairman 
of the Section the following year. This 
year he is a member of the Council 
and of the Sections Committee of the 
Society. 

Valuable contributions to THE JourR- 
NAL have been made by Mr. Templin 
in the form of articles entitled High- 
way Transportation as it Affects the 
Automotive Engineer, published in 
1922 in the March issue of THE JouR- 
NAL and Part I of the TRANSACTIONS 
for that year, and What Motor Trucks 
Need To Supplement Pneumatic-Tire 
Development, appearing in the Octo- 
ber, 1920, issue of THE JOURNAL. 


Parker Joins Bendix Co. 


Humphrey F. Parker has severed his 
connection with the Federal Burner 
Corporation at Bridgeport, Conn., 
where he acted as experimental engi- 
neer, to accept a position as research 
engineer for the Bendix Brake Co., 
South Bend, Ind. 

A great part of Mr. Parker’s engi- 
neering experience has been devoted 
to the field of aeronautics. His first 
connection with the aeronautical in- 
dustry dates back to 1915, when he as- 
sembled seaplanes while in the service 
of the Sopwith Aviation Co., and Eng- 
land. He left this position during 
the war to join the Royal Naval Air 
Service as an airplane pilot, and later 
came to America to take up the duties 
of assistant engineer physicist in the 
Bureau of Standards. He returned to 
England in 1922, only to come back to 
the United States the next year as as- 
sistant physicist at the Naval Aircraft 
Factory at Philadelphia. 

Elected a Member of the Society in 
1921, Mr. Parker has since been an 
interested participant in its affairs. 
He is the author of two very interest- 
ing papers on the subject of aero- 
nautics; one is Water Recovery for 
Airships, published in the December, 
1924, issue of THE JOURNAL as well as 
in Part II of the 1924 TRANSACTIONS, 
and the other is Airplane and Airship: 
Their Spheres of Economic Useful- 
ness, published in the February, 1926, 
issue of THE JOURNAL. 


E. C. Wood on Garage Committee 


E. C. Wood, superintendent of the 
transportation department for the San 
Francisco division of the Pacific Gas 
& Electric Co., has been appointed a 
member of the Garage Committee of 
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the National Electric Light Associa- 
tion. 

Since his election to Member grade 
in the Society in 1925, Mr. Wood has 
been actively identified with the 
Northern California Section. He was 
chosen the first chairman of the newly 
organized Section in 1925, and was re- 
elected to office the following year. 
This year he is serving as Vice-Chair- 
man of the Operation & Maintenance 
Committee. Many articles on garag- 
ing and maintenance have appeared 
under his name in various publications. 
Motor-Trucks on the West Coast is the 
title of a maintenance paper presented 
by Mr. Wood at the 1927 Transporta- 
tion Meeting of the Society and pub- 
lished last March in THE JOURNAL. 


Edison Honored by A. I. E. E. 


Thomas A. Edison, famous inventor, 
was elected Honorary Member of the 
American Institute of Electrical Engi- 
neers at a meeting of its board of di- 
rectors held in Denver, June 27, dur- 
ing the annual summer convention of 
the Institution. Mr. Edison, whose 
achievements in the scientific world 
are universally known and too numer- 
ous to permit their mention in these 
columns, was one of five distinguished 
American engineers to be so honored. 

Mr. Edison has been connected with 
the Society of Automotive Engineers 
since 1911, when he was elected a 
Member. 


E. S. Marks Sailing for Europe 


E. S. Marks, chief engineer of the 
H. H. Franklin Mfg. Co., expects to 
sail for Paris during the latter part 
of September to attend the Paris Au- 
tomobile Salon and to study general 
automotive trends in Europe. He plans 
to visit several well-known automobile 
factories on the Continent and to re- 
turn to London in time for the Olym- 
pia Show. Mr. Marks has been asso- 
ciated with the Franklin Company 
since 1917, when he joined it in the 
capacity of laboratory assistant, later 
becoming experimental engineer, as- 
sistant chief engineer and, in 1925, 
chief engineer. 

Mr. Marks has been a Member of 
the Society since 1922 and became a 
Buffalo Section member this year. He 
has taken a prominent part in Society 
affairs, having been especially active 
during the past three years in Stand- 
ards Committee work. He has taken 
a no less active part in research mat- 
ters, having served for two successive 
years on the Headlight Subcommittee. 

(Continued on p. 34) 
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Morris MM. Titterington 


A BRILLIANT career in the field of 
aeronautic engineering was brought 
to an untimely and tragic end when, 
on July 11, an airplane crashed on a 
mountain side near Snyders, among the 
mountains of eastern Pennsylvania 
during a thunderstorm. Morris M. 
Titterington, vice-president and chief 
engineer of the Pioneer Instrument 
Co., of Brooklyn, N. Y., who was pilot- 
ing the craft, and Mrs. Bernice Gamble 
Andrews, of Williamsport, Pa., his com- 
panion on the flight from Curtiss Field 
en route to Dallas, Tex., met instant 
death in the disaster, according to the 
statement of physicians who were sum- 
moned by a farmer on whose land the 
airplane fell. The storm made visibil- 
ity poor and caused strong and treach- 
erous winds. It was believed that 
lightning struck the airplane. 

It seems an irony of fate that Mr. 
Titterington, who had devoted the last 
14 years to the study, design and con- 
struction of navigation instruments to 
increase the safety of aviation, should 
meet such an end. His early experience 
in learning to fly, at Hammondsport, 
N. Y., while working as a mechanic on 
engine assembling and testing and as a 
draftsman on airplane details for the 
Curtiss Aeroplane & Motor Co. during 
1913 and 1914, showed him the need for 
better instruments than then existed 
for enabling aviators to fly with safety 
in bad weather. Going to New York 
City in 1914, he entered the labora- 
tories of the Sperry Gyroscope Co., 
where he worked on detail designs of 
the Sperry gyroscopic stabilizer and 
installed, adjusted and demonstrated 
the system. During the World War he 
spent 3 years in England for the com- 
pany, designing and installing airplane 
instruments and equipment, including 
gyroscopic devices and bomb sights. 
Returning to this Country in 1917, he 
had charge of development work for 
the Sperry Company on an aerial tor- 
pedo, until the armistice, and then de- 
signed a ship’s log for marine use. 

In 1920 Mr. Titterington, Charles H. 
Colvin and Bryce Goldsborough, all 
then connected with the Sperry Com- 
pany, organized the Pioneer Instrument 
Co., of Brooklyn, Mr. Titterington hav- 
ing charge of all development work on 
aircraft instruments. In this capacity, 
his most recent and notable invention 
was the earth-inductor. compass, which 
has been such an essential aid to all 
recent transoceanic flights, including 
those of Lindbergh, Commander Byrd, 
and Chamberlin. 

Mr. Titterington was only 37 years 
of age, having been born at Paris, Tex., 
on July 20, 1891. He was elected to 
Member grade in the Society in Novem- 
ber, 1926, and later became a member 
of the Metropolitan Section. He was 
also a member of the American Society 
of Mechanical Engineers. The induc- 
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tor compass of which he was the inven- 
tor was illustrated and described in a 
paper on Aircraft Instruments for 
Oversea Navigation, by Victor E. Car- 
bonara, published in THE JOURNAL for 
November, 1927, p. 528. 


Hugo C. Gibson 


A FTER an illness of 4 months, Hugo 
> C. Gibson, consulting engineer of 
Philadelphia, passed away at his home 
on July 6 and the funeral was held on 
July 9. Mr. Gibson is survived by his 


widow, Mrs. Margaret A. Gibson; a 
daughter, Margaret; and a_ son, 


Charles. 

Mr. Gibson was a native of England, 
having been born at Malvern Link in 
1874. Following his preparatory edu- 
cation at the City of London School, he 
received his technical education in the 
City and Guilds of London, Finsbury. 
Coming to America, he engaged in con- 
sulting engineering practice and served 
the Association of Licensed Automobile 
Manufacturers, a predecessor of the 
present National Automobile Chamber 
of Commerce, from 1906 to 1909 in that 
capacity. 

Elected to membership in the Society 
in June, 1910, with the grade of Asso- 
ciate but transferred the following 
month to Member grade, Mr. Gibson 
was one of the very early members and 
retained his membership for 18 years 
to the end of his career. He was well 
known to the founders and other early- 
day members, including E. T. Birdsall, 
A. L. McMurtry, Alexander Church- 
ward, Henry Hess, Joseph Tracy and 
H. C. Cave, and was a member of the 
Pennsylvania Section. In 1921 he was 
a member of the Stationary Engine 
Division of the Standards Committee. 

A paper on The Manograph, by Mr. 
Gibson, was published in THE BULLE- 
TIN, April, 1913, and in TRANSACTIONS, 
1913, Part 1, p. 237; and another en- 
titled Bettering the Efficiency of an 
Existing Engine was published in THE 
JOURNAL for January, 1920, p. 7, and 
in TRANSACTIONS, 1920, Part 1, p. 177. 
At what probably was the last meeting 
of the Society attended by Mr. Gibson, 
he made a contribution to the discus- 
sion of C. A. Atwell’s paper on gas- 
electric drives for motorcoaches, when 
it was presented in Philadelphia. His 
discussion appears on p. 195 in this 
issue of THE JOURNAL. 


Benjamin Needham Jones 
the result of an illness of a 


a* 

4 month’s duration, Benjamin N. 
Jones, equipment engineer of the Otis 
Elevator Co., of New York City, passed 
away on July 4 at his home in Glen 
Ridge, N. J. He is survived by his 
widow, Mrs. Bessie Jones; a son, Ben- 
jamin; and four daughters, the Misses 
Elizabeth, Margaret, Agnes and Kath- 
erine Jones. 


Mr. Jones was a native of New Jer. 
sey, having been born at Somerville op 
April 1, 1871, and received his technica] 
training at the Stevens School and In. 
stitute in Hoboken. 

From 1894 to 1898 he was engaged jn 
construction work for the Sprague 
Electric Elevator Co.,’and during the 
following 2 years in engineering and 
construction work for the Otis Elevator 
Co., of New York City. He was elec. 
trical and mechanical engineer for the 
Marine Engine & Machine Co.., of Har- 
rison, N. J., from 1900 to 1905, and 
then returned to the Otis Elevator Co. 
as assistant manager of the manufac. 
turing department. 

At the time of his election to Mem. 
ber grade in the Society in 1916, Mr. 
Jones held the position of engineer in 
the industrial department of the Otis 
Company, where his work included the 
designing of automobile parts. His 
service with this company therefore ex. 
tended over a period of 25 years. Prior 
to his election to the Society, his auto- 
motive engineering experience included 
the designing and building of four auto- 
mobiles for his personal use during the 
years 1911 to 1914 and the designing 
of a line of worm-drive axles for com- 
mercial cars. 

Mr. Jones was a member of. the 
American Institute of Electrical En- 
gineers since 1903 and of the American 
Society of Mechanical Engineers since 
1904, 


George 4. Giroux 


HROUGH the very premature pass- 

ing away, at the age of 32, of 
George A. Giroux, senior inspector of 
aircraft for the Navy, aeronautics and 
the Society have suffered the loss of a 
competent young engineer in a branch 
of automotive engineering that can ill 
spare its promising young men at 4 
time when it is developing so rapidly. 

Mr. Giroux was born at Providence, 


R. IL, in February, 1896, and, after 
progressing through the grammar 


school and 2 years of high school and 
devoting much time to constant home 
study, he secured appointment in 1918 


. ° > e . | 
as assistant inspector of engineering |} 
material in the Brooklyn aeronautic | 
district for the United States Navy 


and continued to serve the Navy in this 
capacity and as an inspector of naval 
aircraft and aircraft construction up 
to the time of his regretted demise on 
June 24, 

During his 10 years of service he was 
stationed successively at the plants of 
the Aeromarine Plane & Motor Co., at 
Keyport, N. J.; the Goodyear Tire & 
Rubber Co., in Akron, Ohio: the Curtiss 


Aeroplane & Motor Corporation, at 
Garden City, N. Y.; Huff, Daland & 


Co.; the Wright Aeronautical Corpora- 
tion, Paterson, N. J.; and the Loening 
Aeronautical Engineering Corporation, 
New York City. The duties of his of 
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fee aS inspector-in-charge during the 
last 6 years required much executive 
ability as well as an intimate knowl- 
edge of sound aeronautic engineering 
and manufacturing practice. 

Mr. Giroux had been a member of the 
Society since his election to Member 
grade in March, 1926, and was also a 
member of the Metropolitan Section. 
He was married and lived in Brooklyn, 
N. Y. 


Joseph Allison Steimmets 


ITH the lamented passing of 

Joseph A. Steinmetz at his home 
in Germantown, Pa., on July 11, after 
a long illness which caused his retire- 
ment from business activities 6 months 
previously, the automobile and aero- 
nautic industries have lost another of 
their pioneers and the Society an Asso- 
ciate Member of 16 years’ standing. 

Besides his many contributions of in- 
yentions in the fields of automobile and 
aeronautic engineering, dating from the 
beginnings of both industries, Major 
Steinmetz was the inventor of various 
anti-aircraft devices during the World 
War, including the Steinmetz hook- 
bomb which was adopted by the French 
army for use in repelling attacks by 
Zeppelins, a plan of lights and anti- 
aircraft guns for luring hostile air- 
planes within the range of fire, and a 
balloon designed to rise to a great 
height and to explode upon contact with 
an airplane. When the United States 
entered the war, Major Steinmetz was 
appointed a member of the National 
Research Council and toured France 
and England to study the progress of 
the Allies in airplane construction. 

Major Steinmetz was best known in 
the automotive industry as a member 
of the firm of Janney, Steinmetz & Co., 
of Philadelphia, from the date of its 
organization in 1893, and for his work 
as a designer and patentee of seamless- 
steel shapes, drawn-steel gasoline and 
air-pressure tanks, the application of 
aluminum to the arts and sciences, and 
his development of the compressed-air 
engine-starter. 

Born in Philadelphia in 1870, Mr. 
Steinmetz received his education in the 
Central High School in that city and 
in Lehigh University. Subsequently 
he became associated with the Alumi- 
tum Co. of America as an expert in the 
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application of aluminum to commercial 
uses, but had devoted his attention to 
the interests of Janney, Steinmetz & 
Co. for the last 35 years. He was 
elected to Associate membership in the 
Society in 1912, and was a member also 
of the Pennsylvania Section, the Amer- 
ican Electrochemical Society, the Aero 
Club of America, the Franklin Institute 
in Philadelphia, the Army and Navy 
Club of New York City, the Colonial So- 
ciety of Pennsylvania, the Pennsylvania 
Society of the Sons of the Revolution, 
the Motor & Accessories Manufacturers 
Association, the National Association 
of Engine & Boat Manufacturers, the 
Engineers Club of Philadelphia and the 
Aero Club of Pennsylvania. 

Mr. Steinmetz is survived by his 
widow, Mrs. Norma Frances Stein- 
metz; a son, Joseph A. Steinmetz, Jr.; 
and a daughter, Frances Margaret 
Steinmetz. 


Charles A. Chevraux 


7 the passing of Charles A. Chev- 
raux the industry has suffered the 
loss of an expert of long experience in 
the design and manufacture of vehicle 
springs. For 30 years Mr. Chevraux 
devoted his efforts to the making of 
springs, first for horse-drawn vehicles 
and later for automobiles and motor- 
trucks as well. Twenty-four of these 
years were spent in the manufacturing 
and executive departments of the Cleve- 
land-Canton Spring Co., of Canton, 
Ohio, for which he designed springs 
and of which he was secretary for 
many years. 

Mr. Chevraux was born in Canton in 
1877 and lived in that Ohio city virtu- 
ally all his life. His business career 
began at the age of 15, in 1892, when 
he started work as a machinist with 
the Novelty Iron Co., of Canton. Two 
years later he went to the Columbia 
Spring Co., of the same city, and, after 
3 years there, entered the traffic depart- 
ment of the Pennsylvania Railroad Co. 
After 4 years with the railroad he re- 
turned to the spring business, joining 
the Cleveland-Canton Spring Co. in 
1901. Twenty-four years later he be- 
came production manager of the Jen- 
kins Vulcan Spring Co., at Richmond, 
Ind., subsequently going to Massillon, 
Ohio, as secretary of the Bean Spring 
Co., then returning to his home city as 


secretary, treasurer and general man- 
ager of the Canton Bolt Co. 

In the latter part of June Mr. Chev- 
raux received injuries while inspecting 
machinery at the plant of the bolt com- 
pany, which resulted in his death on 
July 6 at Mercy Hospital. He is sur- 
vived by his widow, his father, four 
brothers and a sister. 

He had been an Associate Member 
of the Society for 14 years, since his 
election in 1913, and was a member of 
the Cleveland Section. 


George E€. Wedin 


,,OLLOWING an illness of-6 months’ 
duration, life ceased for George E. 
Wedin at Jamestown, N. Y., on July 3, 
to the sincere regret of his associates 
in the engineering department of the 
Springfield, Ohio, plant of the Inter- 
national Harvester Co., as well as the 
bereavement of his four surviving sis- 
ters. 

After 10 years’ prior experience in 
mechanical lines, Mr. Wedin had been 
engaged in experimental and service 
engineering work for the last 8 years 
with the Harvester Company, the first 
half of the period at the Akron plant 
and the last 4 years as assistant en- 
gineer at Springfield, where he was in 
charge of design on motorcoaches. 

Born at Carrollton, N. Y., in 1894, 
Mr. Wedin acquired his education in 
the public schools and through the en- 
gineering course of the International 
Correspondence School. At the age of 
16 he became an apprentice with the 
Jacobson Machine Mfg. Co., of War- 
ren, Pa., and after 3 years joined the 
Warren Axle & Tool Co. as a diemaker. 
In the same capacity he served the 
Remington. Arms Co. at Eddystone, 
Pa., during 1916 and 1917; then en- 
tered the Buffalo plant of the Curtiss 
Aeroplane Corporation as a toolmaker. 
During the next 3 years he served as 
toolmaker and foreman, first with the 
American Brake Shoe & Foundry Co. 
and then with the General Electric Co. 
at Erie. 

It was in 1919 that Mr. Wedin 
formed his connection with the Inter- 
national Harvester Co., going to Akron 
to do experimental engineering work. 

In May, 1924, Mr. Wedin was ad- 
mitted to Junior Membership in the 
Society, and in December of the same 
year was transferred to Member grade. 





































































BAKER, WILLIAM HENRY, 
Machinery Co., 


president, Baker 
Des Moines, Iowa. 


BaRLOw, LESTER P., consulting experimental 
engineer, McCord Radiator & Mfg. Co., 


Detroit. 
BEAUMONT, EUGENE Guy Euston, motor 
superintendent, Anglo American Oil 


Co., Ltd., London, 8S. W. 1, England. 


BrackKetr, C. L., president and manager, 
National Machine Products Co., Detroit. 


Burt, Clype A., owner and manager, Clyde 
A. Burt, Los Angeles. 


Busey, Rospert E., 
ard Motor Car Co., 


student engineer, Pack- 


Detroit. 


CAMPBELL; DONALD M., sales engineer, Alu- 
minum Co. of America, Detroit. 


CARPENTER, IRVIN A., brake service man- 


ager and owner, Electro Brakometer 
Super Service, San Francisco. 
CATELLIN, GASTON J. L., service manager, 


Brownback Motor Inc., 


New York City. 


CROMWELL, 
Rollway 


Laboratories, 


CHARLES O., sales engineer, 
Bearing Co., Syracuse, N. Y. 


DBANGELES. A. C., machine layout and de- 
sign, Eclipse Machine Co., Hast Orange, 
N. J. 


Decrow, V. R., vice-president, Decrow 
Automotive Specialties, Inc., Lockport, 
A 2 


DELEHANTY, RICHARD J., 
Durant Motors, Hayes 
Elisabeth, N. J. 


DESCHAMPS, 


designer, 
Division, 


body 
Hunt 


DesIRE J., technical manager, 


Minerva Automobiles, Inc., New York 
City. 
DuNN, RAYMOND E., layout draftsman, 


Chevrolet Motor Co., Detroit. 


DusTON, FREEMAN C., assistant editor, In- 


dustrial Press, New York City. 
Ecper, Ernest, development engineer, United 
States Rubber Co., Detroit. 


ELLIOTT, FRANK R., field 
Gasoline Corporation, New York City. 


ENGELMANN, Bert R., special representa- 
tive, Simplex Piston Ring* Co. of Amer- 
ica, Inc., Cleveland. 


engineer, Ethyl 


FRANTZ, EMERSON, sales engineer, Bohn 
Aluminum & Brass Corporation, Detroit. 


Frey, Oscar, organizing a new body com- 


pany, 333 West Wayne Street, Lima, 
Ohio. 
GREENE, Purp D., research engineer and 


chemist, The Asbestos Textile Co., 


North Brookfield, Mass. 








The applications for membership re- 
ceived between June 15 and July 16, 
1928, are listed below. The members of 
the Society are urged to send any per- 
tinent information with regard to those 
listed which the Council should have 
for consideration prior to their election. 
It is requested that such communica- 
tions from members be sent promptly. 








Ceskomo- 
Czrecho- 


Grou, Junius A., body engineer, 
rauska-Kolben-Danek, Prague, 
slovakia. 

GRUMME, JOSEPH WILLIAM, Jr., specifica- 
tion engineer, American LaFrance & 
Foamite Corporation, Elmira, N. Y. 

GUNNING, C. H., service manager, 
Chevrolet Co., Syracuse, N. Y. 


Bresee 


instructor, 
, Bayonne, 


HosPers, JOHN J., manager and 
New Jersey Flying Service 
N. J. 

KINNEAR, HARRY T., chief draftsman, Split- 
dorf Electric Co., Newark, N. J. 

KUBAT, ANTONIN O., manufacturing man- 


ager, Ceskomoravska - Kolben - Danek 
Prague, Czechoslovakia. 


_™ 


Gasoline 


representative, 
New York 


sales 


Corporation, 


LEWIS, OSCAR 
Ethyl 
City. 


LOCKWOOD, RALPH G., executive engineer, 
Fairchild Aviation Corporation, Farm- 
ingdale, L. I., N. Y.. 


LOOMIS, ByRon_ B., 
Metal Co., Valparaiso, Ind 


sales engineer, McGill 


MAHONEY, BURTON, engineer, Vacuum Oil 
Co., New York City. 

MAHONEY, J. ALLAN, engineer, Vacuum Oil 
Co., New York City. 

MARSHALL, FURBER, president and general 
manager, National Brake Service, Inc., 


Chicago 


McWHIRTER, L. D., motor n 
Buxton, Los Angeles. 


MUELLER, C. W., 
Foundry Co., 


echanic, L. C 


engineer, Universal 


Wis. 


sales 
Oshkosh, 


NORDBERG, BRUNO V. E., executive engineer, 
‘¢ 


Nordberg Mfg. Co., Milwaukee 
NULSEN, JOHN C., vice-president and gen- 
eral manager, B. F. Mahoney Aircraft 


Corporation, San Diego, Cal. 





Applicants for Membership 


A 

POSNER, Harry, president, Posner Brake 
Lining Service, Inc., Newark, N. J. 

POSNER, SAMUEL, secretary and chief engi. 
neer, Posner Brake Lining Service, Ine A 
Newark, N. J. 

PROCTOR, RALPH D., efficiency engineer 
M. P. Miller Motor Car Co., Hagers. 
town, Md. 

> mr ry . A 

RANDLES, JOHN THOMAS T., works director. 
Dunlop Rubber Co., Birmingham, Eng- 
land. , 

Reip, Henry J. E., engineering in charge, A 
Research Laboratory, Langley Field 
Va. 

ROBBINS Max B., engineer, draftsman, 

Delta Electric Co., Marion, Ind. | 
I 

ROTHERMEL, ROYDEN ALBERT, managing | 
director, The Rothermel Corporation | 
Ltd., London, W. 1, England. : 

SAXON, ARTHUR H., chief engineer, Lincoln ] 
Aircraft Co., Lincoln, Neb 

| 

SHBPRWOOD BROTHERS INC., Baltimore. | 

SHOCKEY, NEWTON E., assistant general 
manager, L. A. Young Spring & Wire 
Corporation, Detroit | 

SipRS, ALPHONSE, checker, Timken Detroit 
Axle Co., Detroit. | 

' 

TANNER, RospertT Howarpb, lubrication engi- | 
neer, Imperial Oil Co., Montreal, Que., | 
Canada. 

TANNEWITZ, EDWARD F.., president and gen- 
eral manager, Detroit Cord Mfg. Co 
Detroit. 

TOBOLDT, WILLIAM KING, assistant technica] 
editor, Automobile Trade Journal, Chil- 
ton Class Journal Co., Philadelphia. 

TucEK, JPRRY, service manager, Ceskomo- 
ravska-Kolben-Danek, Prague, Ceecho- 
slovakia. 

VAN DER Spuy, A. J. N., mechanic and elec- | 
trician, Hupp Garage (Cape), Cape | 
Town, South Africa i 


VOLKMAR, WALTER HERBERT, general 
intendent, Emerson-Brantingham 
poration, Rockford, Ill. 


super- 


WoLrr, EwaLp J., mechanical 
General Motors Corporation 
Laboratories, Detroit. 


| 
Cor- 
engineer, | 
esearch | 
| 


WoopDYARD, Roy MELVIN, service and test- 
ing, Murphy Motors, Los Angeles. 
YANCEY, STIRLING Ross, president, general 


manager, Sure-Guard Corporation, New 
York City. 
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Applicants Qualified 


ALLEN, OLIVER FIELD (M) manager automo- 
tive sales, International General Electric 
Co., Inc., 1 River Road, Schenectady, 
a a. 

ALLYN. Haro_tp M. (M) general super- 
visor of motor vehicles, Ohio Bell Tele- 
phone Co., 750 Huron Road, Cleveland ; 
(mail) 1231 Lakeland Ave., Lakewood, 
Ohio. 

ARLINGHAUS, FRANK HENRY (J) sales en- 
gineer, Hyatt Roller Bearing Co., Har- 
rison, N. J.; 209 Jane Street, 


e (mail) 
Weehawken, N. J. 


ATHERTON, Haroutp S. (A) district man- 
ager in charge of car equipment busi- 
ness, Whitaker Battery Supply Co., 
Kansas City, Mo.; (mail) 1625 Green- 
leaf Avenue, Chicago. 

BASTIEN, PAuL (M) engineer, in charge of 


Stutz 
(mail) 


engineering, 
Indianapolis ; 
Avenue. 


Motor 
4046 


Car cu. 
Central 


BEVAN, Mayor WILLIAM A. (M) assistant 
professor of mechanical engineering, in 
charge of aeronautical engineering 
courses, Purdue University, Lafayette, 
Ind.; (mail) 113 Waldron Street, West 
Lafayette, Ind, 


BINYON, ALGERON HAmMo (M) Laneside, 227 
Kingshighway, Westport, Conn. 

BLAKELEY, G. B. (A) New York export 
representative, White Motor Co., 225 


Broadway, New York City. 


BRENTLINGER, OWEN J. (A) dynamometer 
test, Hupp Motor Car Corporation, 
Detroit; (mail) 5757 Lenox Avenue. 

BRowN, GILNOoR H. (A) Oakland Motor 
Car Co., Room 911, City Center Build- 
ing, 121 North Broad Street, Phila- 
delphia. 

Brown, Percy A. (M) supervisor of in- 


spection, Graham-Paige Motors Corpora- 


tion, Detroit; (mail) 1967 LaMoth 
Avenue. 

CLEMENS, JOHN W. (M) chief engineer, in 
charge of truck design and production, 
Patriot Mfg. Co., Eighth and M Streets, 
Havelock, Neb.; (mail) 634 South 33rd 
Street, Lincoln, Neb. 


CLEMENTS, HUBERT INGHAM 
mobile engineer, H. I. 
Lachlan Avenue, 
Sydney, N. 8S. 


(A) 
Clements, 2 
Rushcutter’s 
W., Australia. 


COoNNAL, W. F. (M) 
Canadian National 


automo- 
Mc- 
Bay, 


mechanical 
Railways, 


engineer, 
Montreal, 


Que., Canada; (mail) 360 McGill Street. 
CONNELLY JAMES MAvRICE (J) metal- 
lurgist, chemist, Electric Refrigeration 
Corporation, Plymouth toad, Detroit; 
(mail) 13530 Monte Vista Avenue. 

Corp, E. L. (A) president, Auburn Auto- 
mobile Co., Auburn, Ind. 

Ditg, EARL W. (M) Evans-Wiltse Corpora- 
tion, care Midwest Tool Co., Detroit; 
(mail) 4722 Orchard Boulevard, Fordson, 
Mich. 

DREBING, ELMER CHARLES (M) master 
mechanic, Calumet Coal Co., 9022 Com- 
mercial Avenue, South Chicago; (mail) 
$108 Bennett Avenue. 

ELLiotr, CouRTNEY G. (A) service man- 
ager, Sonoma Motor Sales Co., 639 Wall 
Street, Los Angeles. 

FARNSWORTH, WAYNE HEATHCOTE (J) 
testing and experimental engineer, Hall- 
Scott Motor Car Co., Berkeley, Cal. 

FowLer, WILLIAM JAMES (A) draftsman, 
Edward G. Budd Mfg. Co., Detroit; 
(mail) 59 Seward Avenue. 

Frep, FRANK (M) Alexander Aircraft Co., 


Denver, Colo. 


Frey, ALBERT E. 
Studebaker 


(M) chassis 
Corporation of 


engineer, 
America, 


Detroit; (mail) 4153 Elmwood Avenue. 

GILMORE, DONALD Foster (A) _ service 
manager, Sands Motor Co., 1024 East 
Pike Street, Seattle, Wash. 





The following applicants have quali- 
fied for admission to the Society be- 
tween June 9 and July 10, 1928. The 
various grades of membership are in- 
dicated by (M) Member; (A) Asso- 
ciate Member; (J) Junior; (Aff.) Af- 
filiate; (S M) Service Member; (F M) 
Foreign Member. 








GRANT, RupDOLPH R. (M) president, chief 
engineer, Dayton Airplane Engine Co., 
1323 Third National Bank Building, Day- 
ton, Ohio; (mail) 1246 Leo Street. 


GRIFFIN, NICHOLAS M. 


(A) vice-president, 


Mack-International Motor Truck Cor- 
poration, Chicago; (mail) 3300 Went- 
worth Avenue. 
GROBHN, OTTo J. (M) superintendent, 


Gratiot 
10617 


Plant, 
Knodell 


Hudson 
Avenue, 


EUGENE (M) vice-president, 
treasurer, general manager, Lyons Stor- 
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AIRCRAFT 


Modern Developments in Aircraft In- 
struments. By C. J. Stewart. Pub- 
lished in The Journal of the Royal 
Aeronautical Society, June, 1928, p. 
425. [A-1] 


Holding before himself the dictum, 
“You cannot run the industries of to- 
day upon the science of yesterday,” 
the author attempts in a clear sum- 
mary to present uptodate information 
concerning aircraft instruments. This 
is the first paper devoted exclusively 
to aircraft instruments to be delivered 
before the Royal Aeronautical So- 
ciety since a similar treatise was pre- 
sented four years ago. 

The aim of the present paper is to 
review some of the changes that have 
been made since publication of the 
first article; particularly to describe 
some of the post-war developments in 
instrument design brought about by 
the demand for the more accurate 
measurement of aircraft performance 
and of conditions surrounding aircraft 
operation. Redesigning has been calleu 
for in almost every case to meet the 
extension of these conditions, particu- 
larly that of temperature. Only the 
more important and permanent changes 
cre treated in the paper. 

Included in the review are 
ments of the following types: alti- 
meters, air-speed indicators, stato- 
scopes, climb meters, turning and alti- 
tude indicators, thermometers, pres- 
sure gages, revolution indicators, fuel 
fiow-meters, fuel contents gages, com- 
passes, and drift indicators. 


instru- 


Notes on Aeroplane Brakes. By H. 
Bolas. Published in The Aeroplane, 
May 30, 1928, p. 767. [A-1] 


Entering upon a controversial and 
almost virgin field of discussion, the 
author advances the material of this 
article as only his personal views on 
the proper method of brake application. 

He dismisses from consideration the 
hand or foot application from the cock- 
pit on account of the danger of induc- 
ung skidding, and narrows his consider- 
ation to a comparison of the chassis 
wheels and the tail-skid as media for 
automatic braking. His choice falls on 
the latter, and the next step is to ana- 


lyze the effect of tail-skid braking 
quantitatively. 

The values involved in tail-skid 
braking under equilibrium conditions 


and in a landing run are developed. 
Experiments to determine the limiting 
friction coefficient between tire and 
ground and the friction coefficient of 
the tail-skid are referred to briefly. 
The effect upon the landing run of 


Notes and Reviews 








These items, which are prepared by the 
Research Department, give brief descrip- 
of technical books and articles 


tions on 


automotive subjects. As a general rule, 
no attempt is made to give an exhaustive 
review, the purpose being to indicate what 
of special interest to the automotive in- 
dustry has been published. 

The letters and numbers in brackets fol- 
lowing the titles classify the articles into 
the following divisions and subdivisions: 
Divisions—A, Aircraft; B, Body; C, Chas- 
sis Parts; D, Education; E, Engines; F 
Highways; G, Material; H, Miscellane- 
Motorboat; J, Motorcoach; K, 
Motor-Truck; L, Passenger Car; M, Trac- 
tor. Subdivisions—l, Design and Re- 
2, Maintenance and Service; 3, 
Miscellaneous; 4, 5, Produc- 


’ 


ous; I, 


search ; 
Operation; 
tion; 6, Sales. 





Varying the gear ratio between braking 
and tail-skid load is worked out for a 
ratio range of 0 to 10, and the conclu- 
sion is drawn that in practice the ratio 
should not exceed 4. 

Finally, an examination is made into 
the conditions under which the brakes 
may be employed instead of chocks 
when running the engine while the air- 
plane is on the ground. 


Aerodynamic Characteristics Air- 
foils—V. Report No. 286. Pub- 
lished by National Advisory Commit- 
tee for Aeronautics, City of Wash- 
ington. 44 pp. [A-1] 
This collection of data on airfoils 

has been made from the published re- 

ports of a number of the leading aero- 
aynemic laboratories of this Country 
and Europe. The information which 
was originally expressed according to 
the different customs of the several 
laboratories is here presented in a uni- 
form series of charts and tables. 
Each airfoil section is given a refer- 
ence number, and the test data are pre- 
sented in the form of curves from 
which the coefficients can be read with 
sufficient accuracy for designing pur- 
poses. The dimensions of the profile 
of each section are given at various 
stations along the chord in percentage 
of the chord length, the latter also 
serving as the datum line. The shape 
of the section also is shown with rea- 
sonable accuracy to enable one to 
visualize more clearly the section un- 
der consideration, the outside of the 
heavy line representing the profile. 
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of 


Traité Pratique de Navigation Aérienne. 


By A. B. Duval et L. Hébrard. Pub- 
lished by Gauthier-Villars & Co, 
Paris, France. 128 pp. [A-4] 


If aviation is to achieve its commer- 
cial majority, according to the thesis of 
the authors, it must divorce itself as 
completely as possible from the earth 
and, independent of ground directions 
find its way through its own peculiar 
element, the air. To achieve the object 
of navigation, which is to go by the 
shortest and most convenient route 
from one place to another, aviation 
must adapt to its own sphere the tech- 
nical processes that have served cen- 
turies of maritime navigation. 

The present volume is a second edi- 
tion and claims for its first issue the 
credit of having been the first prac- 
tical treatise devoted solely to show- 
ing aviation how to use navigation’s 
tools. The six chapters incorporated 
in the book discuss the general rules 
of aeronautical navigation, the com- 
pass, navigation by dead reckoning, 
navigation by bearings, instruments, 
and, finally, the practice of navigation. 
Superfluous and involved mathematics 
are eschewed. 

For the second edition the treatise 
has been brought uptodate as of March, 
1928, and deals with the more recent 
developments. 


Aircraft Radio and Navigation. By 
Ross Gunn. Published in The Jour- 
nal of the Franklin Institute, June, 
1928, p. 849. [A-4] 
Radio, which is able, by its very na- 

ture, to provide the pilot with valuable 

information relating to facts exterior 
tc his airplane, doubtless will continue 
to be a major aid in the development 
of commercial and military aviation. 
This article discusses the essential 
engineering features of aircraft radio 
and associated difficulties. Solutions 
to these problems, based on_ the 
thought that simplicity of operation is 
the ultimate good to be achieved, are 
given, although no attempt has been 
made to describe particular equipment. 
Two outstanding radio aids to navi- 
gation are discussed and a new method 
is described whereby these may be 
made to operate a visual indicator in 
such a way that it will tell the pilot 
not only whether he is off his course 
but which way he is off. A heterodyne 
beacon stated to have certain remark- 
able directional properties is described. 


CHASSIS PARTS 


The Wearing Qualities of Tire Chains. 
By W. H. Parker. Preprint of paper 
presented before the American So- 
ciety for Testing Materials. Pub- 
(Continued on next left-hand page) 
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TS 


lished by the American Society for Testing Materials, 
Philadelphia. 8 pp.; 5 illustrations. [C-1] 


On the theory that the wearing qualities of metals must 
be tested under conditions related to those of subsequent 
usage, the author developed an apparatus and procedure 
primarily for the study of tire-chain material. According 
to the analysis presented, tire-chain service involves the 
relation between impact and wear resistance. 

In the test devised, the specimen is held at constant pres- 
sure against a rotating alundum grinding-wheel, the sur- 
face of which is kept continuously dressed. The number of 
revolutions required to produce a given depth of wear is 
automatically recorded. 

A comparison with service tests indicates that the lab- 
oratory test, some results of which are given, rates vari- 
ous materials in virtually the same order as road tests, 
while giving a much greater distinction between them. 

ENGINES 
Oil Radiators to Save Big-Ends. Published in The Motor, 

June 12, 1928, p. 888. [E-1] 

Fitting an oil radiator was found, in experiments carried 
out by the Peugeot Co., to reduce the temperature of the 
lubricant from 195 to 100 deg. fahr. and to decrease its con- 
sumption by 15 per cent or more. 

As is shown in a diagram accompanying this article, the 
Peugeot system provides for the delivery of the oil by the 
pump through the radiator. The oil then goes through a 
filter to the gallery pipe connected to the main bearings, 
from which it passes to the big-ends in the usual way. A 
relief valve is fitted in parallel with the oil radiator, and 
the thick oil passes to the main bearings through this valve 
when the engine is started from cold. 

The system used on the new six-cylinder Rochet Schnei- 
der is described, and another arrangement, recommended 
for its simplicity, is suggested. An exposition of the con- 
ditions that make these oil-cooling systems necessary intro- 
duces the descriptions of them. These conditions are in- 
creased engine-speeds, the very heavy inertia loads on the 
big-end bearings and the heated condition of the oil when 
it reaches these bearings. 


An Answer to the Question, Is the High-Speed Two-Cycle 
Diesel Possible? By P. H. Schweitzer. Published in 
Power, June 19, 1928, p. 1102. [E-1] 


This article presents in skeleton the study made by Dr. 
O. Holm of the effect of speed on the volumetric efficiencies 
of properly designed engines of both the two-stroke and the 
four-stroke cycles. The investigator also endeavored to 
determine the maximum speeds attainable. 

Curves are presented to illustrate the conclusion that in 
a four-stroke-cycle engine a piston speed of 2750 ft. per 
min. corresponds with the maximum engine-output. In the 
more complicated problem of the two-stroke cycle, the ef- 
fect of varying port heights and charging pressures as well 
as speeds are considered. This analysis led to the conclu- 
sion that the limiting speed is 5500 ft. per min. The volu- 
metric efficiency at the maximum speed was found to be 
0.64 with the four-stroke and 0.39 with the two-stroke en- 
gine. However, since the two-stroke cycle has double the 
working strokes for the same number of revolutions per 
minute, it will still, on this basis of study, exceed the four- 
stroke cycle in power output if the cylinder dimensions 
are alike. 


The Economic Field for Small and Medium-Size Diesel En- 
gines. By Harlan A. Pratt. Preprint of paper presented 
before the American Society of Mechanical Engineers. 
Published by the American Society of Mechanical Engl 
neers, New York City. 6 pp. [E-4] 


(Continued on next left-hand page) 
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An important place in industry and transportation is 
predicted by the author for the Diesel engine, which he 
credits with a thermal efficiency of 33 per cent. In this 
analysis of its field of usefulness, he considers the Diese] 
engine from the smallest to the 500 or 600-hp. size. 

Figures showing a total saving of $30,000 per year re- 
sulting from the use of a Diesel instead of a steam power- 
plant are quoted in the discussion of marine applications, 
Brief reference is made to automotive and airplane experi- 
ments, and an important foothold in locomotive, rail-car, 
shovel and dragline bucket operation is claimed for the 
Diesel. Power costs are given and fundamental factors 
affecting the desirability of installing Diesel engines are 
laid down in the section on stationary service. 


Manufacture of Diesel Fuel Injectors. By C. R. Alden. 
Preprint of paper presented before the American Society 
of Mechanical Engineers. Published by the American So- 
ciety of Mechanical Engineers, 5 pp.; 6 illustrations. 

[E-5] 

To meet fuel-injection requirements is a difficulty ever 
facing the Diesel-engine designer. The extreme accuracy 
called for is realized when these facts are considered; the 
time allowed for the injection of fuel is frequently not more 
than 1/240 sec. and an error in metering of 0.000017 lb. per 
impulse may cause one cylinder to carry 10 per cent more 
or less than its proper share of the load. 

After advancing examples of the often-regretted lack of 
cooperation between designers and builders, the author cites 
tests showing that the length of bushing necessary to pre- 
vent leakage around a plunger is much less than is usually 
specified. Several fuel-injection designs are illustrated to 
demonstrate that the details of such devices have a decided 
effect on difficulties in assembly and in service. The char- 
acteristics of materials from which such parts can be manu- 
factured are given, and ways in which standardization might 
be applied are suggested. 


HIGHWAYS 


Report of a Survey of Transportation on the State Highways 
of Vermont. By the Bureau of Public Roads and the Ver- 
mont State Highway Department. Published by Bureau 
of Public Roads. 80 pp.; 26 illustrations. [F-4] 


With this report another volume is added to the library of 
practical information on road and traffic conditions that is 
being built up by the Bureau of Public Roads in cooperation 
with various State highway departments. 

As has been the case in States previously surveyed, the 
Federal-aid-system routes of Vermont bear the burden of the 
traffic. The roads in this class constitute only 7 per cent of 
the total mileage, yet they carried in 1926 approximately 
one-half of the total rural traffic. The State-aid roads are 
also heavily traveled, while the town roads which make up 
69.4 per cent of the total mileage, carry only 12.8 per cent 
of the total traffic. Other points emphasized as of special 
interest in connection with the Vermont survey are the 
comparatively small amount of truck and motorcoach traffic, 
the large proportion of foreign passenger-cars using the 
State roads, and the decided seasonal variation in highway 
transportation. 

Much interesting detail as to the types of vehicle travel- 
ing the highways, the character of usage, and the length of 
travel is included in the report. 


MATERIAL 


A Study of the Production of Chromium Surfaces for Re- 
tarding the Corrosion of Nickel at High Temperatures. 
By George F. Sager. Engineering and Science Series No. 
20. Published by Rensselaer Polytechnic Institute, Troy, 
N. Y. 30 pp.; 18 illustrations. [G-1] 
In seeking the fulfillment of an old need—spark-plug elec- 

trode material of high melting point, thermal conductivity 


(Continued on next left-hand page) 
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The 


Function of a Radiator 


A radiator serves a very important purpose 


by controlling the temperature of the motor 


within safe limits, sufficiently low to prevent 


overheating and yet high enough to insure 


proper combustion of gases Heat, of course, 
is power, but the gasoline can only utilize 
a small portion of this power The remain- 
der 1s wasted and must be removed quickly 
or overheating results. Overheating causes 
expansion of pistons and bearings, which, 
if not controlled, results in serious damage 
Cooling systems by ke eping walter in circu- 
exposed to the flow of air, absorb 

plus heat, pussing it off into the 
Surrounding air Radiators being made of 
brass or copper are so designed to distribute 


water in small units over a large area, 


quickly dissipating the heat, returning the 


water to the engine to again continue the cycle 


as described above 
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Sales Manager: ‘‘Our new model has a McCord 
radiator, the same as all previous models for 
the past 14 years. The name McCord is 
assurance of satisfactory cooling, of a depend- 
able unit, equal in life to that of the car.” 


Salesman: ‘Did McCord design this radiator?” 


Sales Manager: ‘‘Yes, McCord engineers, special- 
ists in cooling problems, backed by McCord’s 
25 years of radiator building experience 
designed and built this radiator, in co-operation 
with our factory engineers. The established 
McCord reputation as designers and builders 
of dependable cooling systems is an important 
gales aid which we can use to advantage in the 
sale of our product.”’ 


McCORD RADIATOR & MFG. CO. 
DETROIT, MICH. 
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Speed With Ease 


Getaway 
Without Strain 





With traffic eight cars 
wide on the Boulevard, with 
racing motors ready to jump 
at the signal light like horses 
at the post, what other Clutch 


has responded like the Borg 
& Beckr 


‘That capacity tor deliver- 
ing “Speed with Ease” and 
“Getaway without Strain” is 
what has made the Borg & 
Beck Clutch predominantly 
the standard equipment of 
the industry. 


THE BORG & BECK 
COMPANY 


310 SOUTH MICHIGAN AVENUE CHICAGO 
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and resistance to corrosion by the hot combustion-gases 
the investigator here reporting turned to a process that is 
comparatively new to commercial practice, chromium-plat- 
ing. 

Nickel, the material now generally used, fulfills the first 
two requirements fairly well. However, it is subject at 
high temperatures to considerable attack by sulphur diox- 
Will a 
chromium or nickel-chromium surface layer satisfactorily 
retard the corrosion of the wire, yet not appreciably lower 


| its thermal conductivity? was the question the investigator 


set out to answer. 

Three methods of producing the protective coating were 
examined: (a) the electrodeposition of chromium, (b) the 
diffusion of chromium into the nickel surface, and (c) the 


| rolling and drawing of a duplex wire from an ingot having 


a nickel core and a nickel-chromium surface layer. The 


|results of the second process were found to be superior to 


those of the first. The third method was not sufficiently 


| investigated to warrant judgment. 


The Static and Fatigue Properties of Some Cast Irons. By 
J. B. Kommers. Preprint of paper presented before the 
American Society for Testing Materials. Published by 
the American Society for Testing Materials, Philadelphia. 
24 pp.; 15 illustrations. [G-1] 


The University of Wisconsin, with the cooperation of 
manufacturers, has just completed the testing of 10 series 
of cast irons. Included in the investigation were tension 
tests on two different sizes of specimen, compression, im- 
pact, transverse, Rockwell and Brinell hardness, and fatigue 
tests. The properties of two high-strength cast irons are 
discussed, and the effects of nickel and chromium additions 
are pointed out. 

Comparisons of the several properties of the irons reveal 
that, while the fatigue-endurance limit of cast irons can 
be roughly estimated from properties such as _ tensile 


| strength, hardness and modulus of rupture, knowledge of 


| 





the effect of available factors in influencing the properties 
of cast iron is so meager that such approximate estimates 
of endurance limit should always be checked by direct ex- 


periment. No consistent relation was found between en- 


| durance limit and chemical composition. 


The author suggests the need of further study along 
several lines, such as influence of melting and pouring tem- 
peratures, heat-treatment of castings, and effect of alloy 
additions. 


Influence of Corrosion Accelerators and Inhibitors on 
Fatigue of Ferrous Metals. By F. N. Speller, I. B. Me- 
Corkle and P. F. Mumma. Preprint of paper presented 
before the American Society for Testing Materials. Pub- 
lished by the American Society for Testing Materials, 
Philadelphia. 8 pp.; 3 illustrations. [G-1] 


Ordinary corrosion and corrosion-fatigue are compared in 
this paper with respect to the factors involved. Experi- 
ments are then described that showed the effect of inhib- 
itors on corrosion-fatigue with and without other external 
influences tending to accelerate corrosion. 

For the water and the steel used, a small quantity of 


|sodium dichromate is shown to prevent the lowering of 


the air-fatigue limit by corrosion, but where a strong ten- 
dency to pitting is introduced a much larger quantity of 


| inhibitor fails to prevent a serious reduction in the endurance 


| limit. 





| 


However, inhibitors do tend to increase the useful 
life of the metal under fatigue by retarding the action of 
localized corrosion. 

Further experimental work on this subject is planned. 


Testing of Materials at Elevated Temperatures. 
MeVetty. 


By P. G 
Preprint of paper presented before the Amer- 


(Continued on next left-hand page) 
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ANOTHER ONE OF THE MANUFACTURERS IN THE AUTO- 
| MOTIVE INDUSTRY THAT USES SKF BEARINGS 
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oo GRAMM MOTORS, INC. 
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You men who plan, build, 

use or pay for machines of 

any kind, remember this: 

E a It costs more to replace a 
e e 


poor bearing than to buy the 
‘d_ by best one that SACS ever 
[phia. produced. AND StsF 


[G-1] ANTI-FRICTION as Ney edits, © 
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= Adjustments Make SSF the Bus Bearing 
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3 Reliability Plus Long-life and Freedom from 


sal HOUSANDS of miles of service each year. Starting, shift- 

ow a ing, stopping—under varying loads and on all sorts of 

erties | roads. These are the severe tests of endurance and life that 

rye ball bearings undergo on busses. And, it is their ability to 

an stand up, with practically no maintenance and enable busses 
to keep time-table schedules, that 30S" Ball Bearings are the 

—_ choice of leaders in this industry. 

“alloy For years, Gramm Motors, Inc., has been using S30SF Ball 
Bearings in its busses. Reliability that runs up into many miles 

i of trouble-free operation has not been sacrificed to price. 

3. Me- Smoother and easier running, permanent maintenance of origi- 

— nal tolerances and absolute freedom from adjustments of any 

sein kind, make Sf Ball Bearings a paying investment for bus 

[G-1] builder and ultimate operator. 

te SKF INDUSTRIES, INCORPORATED 
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Spicer 
Engineers 
are 
Specialists 


They have no 
job other than 
designing and 
producing pro- 
peller shafts. 
How well they 
have worked is 
best attested by 
the fact that 
Spicer are the 
most widely used 
Propeller Shafts 


in the world. 





South Plainfield, New Jersey 


6133-11 











cer 


Propeller Shafts 


SPICER MANUFACTURING CORPORATION 
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ican Society for Testing Materials. Published by the 

American Society for Testing Materials, Philadelphia. 

17 pp.; 4 illustrations. [G-1] 

A large number of alloys varying widely in properties 
and cost have been developed to meet the growing demand 
for materials to be used at high temperatures. A need is 
indicated for thorough knowledge of methods of testing ma- 
terials for such service. 

This paper deals with the general subject of materials 
testing as a basis for choice of materials and working 
stresses to be used in applications at elevated temperatures. 
Short and long-time tension tests are discussed in detail, 
including test methods, possibility of errors, and interpreta- 
tion of results. The value of accelerated tests as a basis for 
design is estimated. 

The conclusion reached is that carefully conducted short 
and long-time tension tests with precision temperature- 
control and strain measurement appear to be the most re- 
liable basis for the choice of materials and of safe work- 
ing stresses for service at elevated temperatures. 


Carbon Blacks and Their Use in Rubber. By Norris Good- 
win and C, R. Park. Published in Industrial and Engi- 
neering Chemistry, June, p. 621; July, 1928, p. 706. 

[G-1] 
To contribute to the understanding of the principles in- 
volved in the preparation of rubber compounds was the 
object of the investigations reported in this article. Belief 
that the lack of systematically arranged information is re- 
sponsible for the incompleteness of the knowledge on this 
subject decided the authors to concentrate in their research 
on a narrow sector of the general field. 
Their work consisted of investigating the physical and 
chemical characteristics of several carbon blacks and of 
rubber stocks containing them to determine their suitabil- 


| ity as pigments in tire-tread stocks. Five blacks have been 


studied: Charlton lampblack, Micronex, Super Spectra, 
Thermatomic, and Goodwin. Part 1 represents a study of 
the properties of the blacks themselves and their use in 
raw rubber. Part 2 discusses their action when com- 
pounded in cured-rubber stocks containing various accel- 
erators, as mercaptobenzothiazole, diphenylguanidine, hex- 
amethylenetetramine, ethylidene-aniline, litharge, and a 
base mix of rubber and sulphur. 


The Volatility of Natural Gasoline. By G. G. Oberfell. 
Published in National Petroleum News, May 23, 1928. 
p. 88. [G-1] 
Too great rather than too little volatility is the bugbear 

of the natural-gasoline industry. With automobile carbu- 
retters universally adjusted for refinery gasolines, vapor- 
locking becomes the limiting factor in defining the quan- 
tity and quality of the natural gasoline that can be blended 
in motor fuels offered for sale. 

To avoid confusion in his discussion of natural gasoline, 
the commercial brands of which vary widely in their char- 
acteristics, the author considers the butane-free gasoline 
that the industry is capable of producing, which is a rela- 
tively constant material. This product is shown to be a 
good aviation and cold-weather automobile fuel, from the 
viewpoint of volatility, vapor-locking characteristics as 
judged by vapor pressures, and antiknock property. 

Since whatever objectionable “wildness” natural gasoline 
possesses is due primarily to the butane and in a lesser de- 
gree to the propane included in it, the author’s next step is 
to consider the effect of varying amounts of such substances 
in natural gasoline. 

Rational specifications for natural gasoline, he con- 
cludes would be the Engler characteristics above 100 deg. 
fahr., with the distillation loss plotted on the front and 
plus vapor pressure. 


(Continued on next left-hand page) 
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MORE 


A real and lasting interest fol- 
lows every Wisconsin Motor that 
leaves our plant. This is more 
than a manufacturer’s pride in a 


worthy product. 


We realize that each motor is a 
representative of this company. 
Its power to make friends for us 
and for you is fully as important 
as its performance on dyna- 
mometer or test block. 


One of these motors, geared to 
your job, will give you a new and 
deep-rooted pride in 
product. 


your 


WISCONSIN MOTOR CO. 
Milwaukee, Wis. 


Built in a full range of Sixes 
and Fours, from 20 to 150 
H. P., for trucks, busses, 
tractors and construction 
machinery. Ly 
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The Viscosity-Gravity Constant of Petroleum Lubricating 
Oils. By J. B. Hill and H. B. Coats. Published in 
Industrial and Engineering Chemistry, June, 1928, p. 641, 

[G-1] 

With the present wide variety of crude petroleums and 
the corresponding diversity of lubricating oils made from 
them the simple classification between paraffin-base and 
naphthene-base oils is no longer adequate. It is frequently 
desirable to indicate the degree to which a particular oil 
or group of oils is paraffinic or naphthenic. 

A mathematical relation has been worked out between 
Saybolt viscosity and specific gravity from data previously 
published on the physical properties of the viscous fractions 
from various types of crude petroleum. The relation is a 
logarithmic one and expresses the specific gravity in terms 
of the viscosity and a constant which is different for each 
crude and is characteristic of it. This “viscosity-gravity 
constant” is low for the paraffinic crudes and high for the 
naphthenic crudes. Its value for any oil is a direct index 
of the degree of the paraffinic or naphthenic character 
possessed by the oil. 


The Significance of Various Tests Applied to Motor Oils. 
By Robert E. Wilson and D. P. Barnard, 4th. Preprint of 
paper presented before the American Society for Testing 
Materials. Published by the American Society for Test- 
ing Materials, Philadelphia. 12 pp. [G-4] 


Operators of fleets of motor-vehicles will find light 
thrown in this paper on a question often raised by them— 
the actual significance of various tests applied to motor oils. 

Of the 12 tests standardized by the American Society for 
Testing Materials, only three, according to the analysis of 
the authors, reveal information on properties that are im- 
portant in service: the viscosity and temperature coeffi- 
cient of viscosity, the pour test and the carbon-residue test. 
Satisfactory tests have not yet been-devised for two other 
properties of possible importance in service—resistance to 
oxidation, and oiliness. 

Other tests are allocated to three classes. In the first 
class, embracing those that have little relation to perform- 
ance but which may indicate contamination or inadequate 
refining, are placed the color, water and sediment, neu- 
tralization number and corrosion tests. The second class, 
comprised of those that have little or no bearing on per- 
formance but that may indicate the probable source of the 
oil, includes gravity and flash and fire tests. Of least value 
are those in the third class, which includes tests designed 
for other products and sometimes injudiciously applied to 
motor oils. Under this heading are grouped the sulphur- 
content, unsaturation, emulsion, evaporation and precipita- 
tion tests. 


Polish Essential for Chromium-Plate. 


By Charles H. Eld- 
ridge. 


Published in The Iron Age, June 14, 1928, p. 1680. 
[G-5] 

Now that interest in chromium-plating has advanced from 
the theoretical to the practical stage, this article, presenting 
leaves of experience torn from the notebook of the General 
Chromium Corporation, will receive its due measure of 
attention. 

Lathe speeds for various operations are recommended. 
Pointing out that chromium-plating will not only exactly 
reproduce all the underlying polishing marks but actually 
magnify them, the author tells of the care that must be 
taken in preparing the following types of material: pressed 
steel-sheet, as used for radiator shells; rough-cast or forged 
steel, for example, bumper material; brass castings; nickel 
and copper-plated surfaces; and soft die-cast metal, white 
metal and nickel brasses. Chromium buffing or coloring, 
unfamiliar to most operators, is described. 


(Continued on next left-hand page) 
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Years Ahead On 
Everything Else 
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BUT.... Years BEHIND On 


Filtration 


(Unless, that is, you are equipped with the H-W Filtrator) 


Year after year new models appear, their manufacturers 
claiming, and proving their claims, to new beauty of line, 
new luxury of upholstery and appointments; new standards 
of performance, new economies, new comforts, new luxuries. 


There came balloon tires, four-wheel brakes, shock absorbers. 





Hall-Winslow Patents 


Remove the nut, fit compressed 
air hose to the valve—and the 
pressure rids the filtering me- 
dium of all impurities, which 
are blown out of the drain 
opening 


WATSON 
IERIE 
SYSTEM 


Automotive engineers will be 
vitally interested in the Watson 

il-Rite System, a new and 
better lubrication system which 
easily doubles engine life. 


The essential features of the 
Watson Oil-Rite System are the 
following: 


Keeps lubricant permanently 
free of abrasives, fuel, acid, 
water, sludge. Applies oil copi- 

at the initial starting pe- 
riod. Regulates oil supply while 
running. Heats oil promptly on 
starting of engine. Keeps oil 
cooled under top temperature 
Operating conditions. 


Manufactured and Sold by 


Sheet Steel Products Co 
Detroit, Mich. 


e 


But the old warning “Change Your Oil Every 
500 Miles” persisted. 


No manufacturer claimed that he had overcome 
one of the greatest problems of them all—POSI- 
TIVE, PERMANENT OIL FILTRATION. 


The H-W Filtrator claims to have achieved these 
things. And it has PROVEN every claim. Proven 
them where the going is toughest, the testing 
hardest and the risk of failure greatest; where 
miles are dollars and broken schedules run up 
costs by the minute—on trucks and buses. 


Now Western Air Express, known throughout 
the flying world for its ability to keep schedules 
for both air mail and passenger service, equips 
all its planes with the H-W Filtrator. 





Truck and Bus 
Operators 


You can now secure Filtrator- 

equipped engines on the fol- 

lowing: Hall-Scott, Hercules, 

Continental, Waukesha, Buda 
and Wisconsin 


For H-W Filtrator pioneered scientific “in-line” filtration, 
placing the non-disintegrating filtrator element between the 
oil pump and the bearings, affording initial and continuous 
protection to the finely finished surfaces of the crankshaft 
and bearings—ELIMINATING COSTLY REPLACE- 


MENTS of filtration medium. 


With the H-W Filtrator the initial cost is the last cost. And 


a girl can clean it without wearing gloves. 


Sold by RICH TOOL COMPANY, DETROIT, MICHIGAN 





CHAFILTRATOR 
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Here’s a lock washer rightly named. 
It is shake proof in fact. Here’s why: 


Ten or more twisted teeth are set at 
equal intervals around the circumfer- 
ence of the washer. One turn of the 
wrench and those teeth bite into both 
nut and work, forming a positive lock. 
Many more turns and twists of vibra- 
tion and those twisted teeth bite deeper 
and deeper. Simple, isn’t it? 





This patented and genuinely shake 
proof lock washer is used upon large 
and small work in hundreds of differ- 
ent lines—making better connections 
and cutting production costs because it 
is tangle proof. Write today for free 
samples. Just tell us kind and size of 
| work. 


“NOT A TANGLE IN A TON” 


c) TY <2 


| 

} 

| Type 12 Type 15 Type 11 

| Internal Teeth Countersunk External Teeth 
| 





SHAKEPROOF LOCK WASHER 
| COMPANY INCORPORATED 


(Division of Illinois Tool Works) 
2507 North Keeler Avenue, Chicago, Illinois 
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MISCELLANEOUS 


Engineers. Published by the Neo-Techni Research Corpora- 
tion, New York City. 1438 pp. LH-1] 
An unusual combination of the theoretical and practical 

that is calculated to enhance and broaden its usefulness as 
a handbook characterizes the volume Engineers. The theo- 
retical is represented by collections of fundamental engi- 
neering data; the practical, by classified lists of companies 
manufacturing articles of interest to engineers, together 
with the names of the chief officers and engineers. Infor- 
mation of both of these types is contained in each of the 
four sections devoted to the four classes of engineering— 
civil, electrical, mechanical, and mining and metallurgical— 
while a fifth section contains miscellaneous data. 

The excellence of the engineering material may be judged 
from the names of those in charge of its collection: Prof. 
Albert Sauveur, Harvard University, editor-in-chief; Prof. 
C. L. Dawes, Harvard University, electrical engineering; 
Prof. H. M. Boylston, Case School of Applied Science, chair- 
man, division of mining engineering; Prof. H. M. Turner, 
Harvard University, civil and hydraulic engineering; George 
V. Gwyn, consultant engineer, railroads; G. C. Eaton, Edi- 
son Electric Illuminating Co., mechanical engineering; 
and Charles E. Lehr, chief engineer, Bethlehem Steel Co. 

The handbook data are complete, carefully selected and 
edited, and arranged for the greatest convenience of use. 
The company listings include 38,335 corporations and 220,- 
600 men connected with them. 


Transmissive Power and Stretch of Belting. By C. A. Nor- 
man and G. N. Moffat. Engineering Experiment Station 
Bulletin No. 41. Published by Ohio State University, 
Columbus, Ohio. 32 pp.; 37 illustrations. [H-1] 
The practical belt user must know three things: (a) 

how much power a belt will transmit and to what tension 
it must be subjected to transmit this power; (b) how much 
and how rapidly the belt will stretch; and (c) how long the 
belt will last and what it will cost in acquisition, upkeep 
and replacement. 

In the piece of belt-research here chronicled the first two 
questions were investigated on rubber, balata, stitched can- 
vas, oak-tanned and mineral-tanned leather, hair and solid- 
cotton flat belts, and on a V-belt rubberized. The pulleys 
used were standard cast-iron, special cast-iron, special 
sheet-steel, and wood pulleys with iron spiders. 

The first runs were made at a speed of 2400 ft. per min., 
with effective pulls varying from 15.2 to 49.5 lb. per in. of 
width. After the initial tests the belt was run for 9 hr. 
under an effective pull of about 35 lb. per in. of width at 
a speed of about 2400 ft. per min. The runs at this speed 
and varying loads were then repeated as nearly as possible 
under conditions identical with those pertaining to the new 
belt. After this, the speed was increased by steps to a 
little more than 4800 ft. per min. at the maximum effective 
pulls that could be used with the equipment. 

Besides testing the performance of the belts, the investi- 
gation had for its second object the determining of the re 
liability of tests of the transmissive power of a runnin 
belt by means of a static slip-machine. 


Standards Yearbook, 1928. Bureau of Standards Miscel 
laneous Publication No. 83. Published by Bureau of 
Standards, City of Washington. 399 pp.; 18 illustrations. 

[H-3| 

What is the basis of fact for the general impression that 
in this age the movement for standardization is particular- 
ly potent and widespread? To answer this question, not 
only for this Country but for foreign countries, and not only 
for the sphere of Governmental activities but for the realm 


of trade associations, is the object of this, the second, 


issue of the Standards Yearbook. 


(Continued on next left-hand page) 


———— 


sce Cte 














Aug 


or 


Pr 


abo 


August. 1928 Ss. A. E. JOURNAL 29 


f 





HE engineer specifying a carburetor for a 

year’s series of motor cars knows that it is 
not the performance of one or two cars—not 
the results obtained from a week’s horsepower 
tests on the dynamometer under the delicate ad- 
justment of a skilled operator that determines 
the desirability of a certain type carburetor — 
but good performance from thousands of car- 
buretors—both foreign and domestic, winter 

and summer. 
) otis 4 Good performance on the same adjustment 
: — boy | in Death Valley and up Pike’s Peak won Strom- 
berg Plain Tube Carburetors the favor of the 
production, service, sales and engineering de- 
partments of conscientious manufacturers. 

\- A > J The latest development of the Stromberg lab- 
‘eS . ee oratories is the Model “U” Syringe Carburetor. 

Designed to provide maximum power and 
speed, as well as extraordinary smooth opera- 
tion when engine turns over slowly. 

The ingenious pump attachment (called the 
Syringe) gives that quick, snappy acceleration 
that is the delight of the modern motorist. 

Excellent performance without sacrificing 
economy in fuel consumption. 

Allow us to give you a demonstration. 


a 





e] 
of 


= | STROMBERG MOTOR DEVICES CO., 58-68 EAST 25th STREET, CHICAGO 


) FROMBER 


“The Accepted Standard” 
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“Service at its best— 
with lower stamping costs” 


“Put It Up to Danly” 


“Telegraph Danly right away. Tell them we need 
seven C4 die sets here in 48 hours,” said the superin- 
tendent. 


“That’s easy,” said the tool room foreman, “and it 
gets us out of a bad fix. Danly carries them in stock. 
They'll ship express today.” 

“Yes,” said the super, “and we save over 40% in 
first cost.” 


“What I like about Danly is that they keep their 
word. Those die sets will be here on time, completely 
assembled, ready for immediate use,” said the tool 
room foreman, thinking ahead. “And what’s more, we 
can mount the die in half the time because all working 
surfaces are machined.” 


Yes, you can always depend upon Danly—for 
quality, for speed. Danly Die Sets reach you 
assembled, ready for immediate use . . . pre- 
cision tools. The more you investigate Danly 
Die Sets, the more you will appreciate the de- 
sign, materials and workmanship. And the 
more you use them the more you save. 


Got your copy of the new Danly Catalogue, over 
100 illustrations, and blueprints, a valuable treatise 
for every designer, executive? Send for your copy. 


DANLY MACHINE SPECIALTIES, INC. 


2120 S. 52nd Avenue, Chicago 


Detroit, Michigan 


1537 Temple Ave. 


Long Island City, N. Y. 
36-12 34th St. 


DANLY 


Die 


Pressure Pad, 








Sets—Leader Pins—Bushings—Dowel Pins—Stripper Bolts— 


Stripper Plate and Knock-out Springs—Socket Head 


Cap and Set Screws—Shanks—Laps—Bolster Plates. 
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An outline is given of the activities and accomplishments 
of each standardizing agency referred to, with special em- 


| phasis on its accomplishments during 1927 and its program 


for future work. Among the organizations whose work js 
so summarized are 14 international and 24 National stand- 
ardizing agencies. A chapter is devoted to the participation 
in standardization movements of more than 50 Government 
bureaus in this Country, and another to the Bureau of 
Standards, which is credited with having made investiga- 
tions on 42 different commodities. 

The extent to which standardized specifications govern 
the purchasing departments of cities, counties and States in 
this Country is shown, and the activities of four general 
standardizing agencies are discussed. The organization and 
aims of about 300 technical societies and trade associations 
are outlined in the chapter devoted to this subject. A 20- 
page bibliography and a discussion of the standardizing of 
measurement conclude the book. 


Electricity and the Motor-Car. By F. H. Hutton. Pub- 
lished by Iliffe & Sons, Ltd., London, England. 135 pp.; 
110 illustrations. [H-3] 


The object of the author of this small volume is to give, 
in the simplest possible language, some account of the elec- 
trical apparatus used on cars, omitting theories, avoiding 
technicalities and confining the subject to what may fairly 
be included under the title of Electricity and the Motor-Car. 
The book is of interest as an indication of what is thought 
to be necessary knowledge for the owner-drivers of Great 
Britain. 

In subject matter, the volume covers the first principles 
of electricity and the theory of operation and care of the 
magneto, ignition parts, accumulators, and lighting and 
starting systems. The electric transmission is dealt with 
briefly and electric accessories are enumerated and illus- 
trated. 


Edited by 
H. T. Warshow. Published by Henry Holt & Co., New 
York. 702 pp.; 59 illustrations; 10 charts. [H-3] 
This book is constituted of 22 papers, each dealing with 

an important American industry. The authors are men who 

have helped in the development of industry, who understand 


| its processes, and are really an integral part of the develop- 


ment. Of interest to the automotive engineer are the chap- 
ters on the aluminum, automobile, chemical, cotton, elec- 
trical, leather, lumber, petroleum, zinc, paint, rubber, iron 
and steel, and blue-lead and mixed-metals industries. Other 
chapters deal with the banking, construction, copper, meat- 
packing, water-power and wool industries. Papers on the 
following topics are also included: history of railroad 
equipment and non-ferrous metal statistics. 

The contributions follow a uniform outline and cover a 
brief history of the industry, the conditions surrounding its 
origin, its relation to American industry, its domestic and 
export trade, its technological processes, its labor problems, 
its large mergers, and any special developments peculiar to 
the individual industry. 

In his paper on the aluminum industry, Robert J. Ander- 


| son, consulting expert on aluminum, shows that the manu- 
| facturers of automotive vehicles and aircraft are large users 


of aluminum or aluminum alloys. At present 40 per cent 
of the aluminum consumed in this Country is employed in 
the automobile industry, the author points out, and 15 per 
cent is used for miscellaneous purposes, such as for air- 
chart 


|/accompanying his paper shows the relation between the 
| domestic aluminum and the automotive output for the pe- 


riod from 1882 to 1926. 
A. R. Erskine, of the Studebaker Corporation of America, 
discusses in his article on the automobile industry, its trend, 


(Concluded on next left-hand page) 
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outlook and growth, and furnishes figures to emphasize its 
tremendous strides. Emphasis is placed upon the value of 


| the motor-truck as a substitute for local freight trains and 


| vehicles of all kinds in 1914. 


upon the success of the motorcoach as operated by the elec- 
tric and steam railroads. Other phases with which Mr, 
Erskine deals are: (a) the gains which railroad and insur- 
ance companies have derived from motor transport, (b) 
highways and motor taxation, (c) the development of the 
mechanics of the motor-car, (d) motor-car regulation and 
legislation, and (e) the addition of a maintenance division 
to the two great branches common in all manufacture, 
namely, production and sales. 

The significance of petroleum in the development of the 
automotive industry is emphasized in the paper on the 
American petroleum industry, written by George Ward 
Stocking, of the University of Texas. To stress the vast 
quantity of petroleum furnished for the great American 
motor-vehicle fleet, Mr. Stocking points out that the re- 
fineries of the Country in 1923 produced 7,332,329,000 gal. 
of gasoline, representing by volume approximately 28 per 
cent of the total crude oils and distillates run to the stills, 
and by value approximately one-half of the total refined 
products. 

That the automobile chiefly accounts for the expansion 
of the market for rubber goods is an explanation, offered 
by Mr. Litchfield, author of the article on rubber, for the 
rapid advances made in this field. Of the $1,200,000,000 
worth of rubber goods produced in 1926, he states that 
about 72 per cent represented automobile tires, 


72 tubes and 
accessories. 


MOTOR-TRUCK 


Goods Transport by Road Motor—Its Financial and Statis- 
tical Aspects and Limitations. By J. L. Clewes. Pub- 
lished in The Journal of the Institute of Transport, May 
1928, p. 355. [K-4] 
Motor-trucking is younger in Great Britain than in this 

Country, according to the estimate made in this article, 

which gives its age as 6 or 7 years. Its vitality is attested 

to by the 281,000 vehicles licensed on Nov. 30, 1927, for 
carriage of goods, as against a total of 22,000 commercial 

Sixty per cent of the 281,000 

goods-carrying vehicles are owned by producers, manufac- 

turers and traders. 

In the first section of this paper, the author outlines an 
entire motor-freight-transportation system, based on his 
own experience with an owner-user’s fleet. Concrete cost 
figures are included as well as the general exposition. In 
the second section the author compares road and rail costs, 


| pointing out that, according to the figures given, road trans- 


| this and the factor first dealt with is established. 


portation is 55 per cent cheaper than rail transport for a 
haul of 20 miles, that the difference gradually decreases as 
the distance becomes greater, until at 80 miles the advan- 
tage crosses over to the rails. 


TRACTOR 


Substitutes for Breakpins—Drawbar Springs. 
McKibben. Published in Agricultural Engineering, June, 
1928, p. 167. [M-1]} 
In examining the conditions under whch drawbar springs 

may be substituted for breakpins, the author shows by for- 

mula and chart the kinetic energy of a moving tractor and 
the effect of speed on it. The potential energy of a draw- 
bar spring is next analyzed and the relationship between 

Embody- 


By E. G. 


| ing a graphic representation of the equations developed is 


a chart from which can easily be obtained the approximate 


'relationship between weight, speed and tractive ability of 


tractors and the load-deformation ratios of drawbar springs. 

Supplementing the theoretical section, the author de- 
scribes and examines the action of three typical drawbar- 
springs. Conclusions as to the field of usefulness of such 
connections are set forth in 16 clauses. 
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{ USE: THE-RIGHT- STEEL: FOR: THE: RIGHT: PURPOSE }+ Personal Notes of the Members 


Cold Drawn 
Alloy Steels 
that Meet Exacting 
Re quirements ~ 





HE cold finishing of alloy 

steels calls for the highest 

skill that science and long 
experience can supply. 

This organization employs a 
large technical staff to supervise this 
difficult production supported by ex- 
tensive equipment including modern 
heat treating and annealing facilities. 

These resources coupled with 
thirty-nine years of experience with 
drawing, turning and straightening 
processes have made this company 
a most dependable source for alloy 
steel requirements. 


UNION DRAWN STEEL Co. 
Beaver Falls, Pa. 
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This year he is an S.A.E. representative on the Joint Illu- 


|minating Engineering Society and S.A.E. Steering Com- 
| mittee on Headlight Research. 


W. S. Penfield, who until lately was superintendent of 


shops for the Associated Oil Co. at San Francisco, has 
accepted a position with the Key System Transit Co., Oak- 
land, Cal., as superintendent of the motorcoach division. 
His affiliation with the Associated Oil Co. began in 1917. 

Elected to Society membership in 1925, Mr. Penfield 
joined the Northern California Section when it was organ- 
ized. In 1927 he was elected chairman of his Section. In 
an interesting paper, entitled Engine Overhauling in Fleet 
Maintenance, which was published in the August 1926, is- 
sue of THE JOURNAL, Mr. Penfield described how often over- 
hauling should be done and what it includes. 

W. C. Naylor, balloon pilot of National repute, recently 
took a prominent part in the Balloon Races. With his 
entry, the Detroit, he flew 187% miles in the National 
Elimination Race, winning third place, and in the Gordon 
Bennett Cup Race he took ninth place with a flight of 325 
miles to his credit. At present chief engineer of the Stin- 
son Aircraft Corporation, he has shown unusual ver- 
satility in the field of aeronautics in connection with the 
manipulation of heavier-than-air and lighter-than-air craft. 

Mr. Naylor became a Junior Member of the Society in 
1927 and since that time has been an active participant in 
the aeronautical work of the Society. This year he is 
Chairman of the Meetings Committee for the Detroit Sec- 
tion Aeronautic Division and is also serving on two sub- 
divisions of the Standards Committee of the Society: the 
Subdivision on Aircraft Storage-Batteries and the Subdi- 


| vision on Airplane. Wheels, Tires and Rims. 


The science of motorless flying or gliding has received 
a decided impetus in the recent organization of the Evans 
Glider Clubs of America, with National headquarters in 
Detroit. Three trophies are now being made to be awarded 
to winners of the city, State and National contests. Edward 
S. Evans, president and general manager of the Evans 
Auto Loading Co., Inc., Detroit, and chairman of the Avia- 
tion ‘Committee of the Detroit Board of Commerce, is re- 
sponsible for the organization of these clubs. In 1926 he 
completely encircled the globe in 28 days, 14 hr., 36 min. 
and 5 sec., establishing a record that was only broken re- 
cently by John Henry Mears and Capt. B. D. Collyer. 

Mr. Evans became an Associate Member of the Society 
and a Detroit Section member in 1924. 

C. K. Alexander, of the Wheeler-Schebler Carburetor Co., 
located in Indianapolis, has assumed his new duties as sales 
engineer. He formerly acted as district manager in the 
Cleveland branch of the company. 


Prof. F. G. Baender has given up his duties as develop- 
ment engineer for the De Laval Separator Co., of Pough- 
keepsie, N. Y., and joined the faculty of Oregon State Col- 
lege, Corvallis, Ore., to become head of the mechanical 


|engineering department. 


Rura O. Ball, now designer for the Monarch Tractor Cor- 
poration, Springfield, Ill., was previously a student at the 


| University of Illinois at Urbana. 


New responsibilities have taken O. Balz to Germany. 
Formerly presidert of the Index Machinery Corporation, in 


|New York City, Mr. Balz is now connected with Hahn & 
| Kolb, of Stuttgart, Germany. 


W. McLain Bass was recently appointed salesman for the 
Omaha, Neb., branch of the White Motor Co. Before ac- 
cepting this position, Mr. Bass was a student in Washington 
University, St. Louis. 

R. A. Bennett has resigned as president of the Hawk- 
eye Truck Co., located in Sioux City, Iowa. He will con- 
tinue his residence in Sioux City but has not announced 
busines splans for the future. 


(Continued on next left-hand page) 
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is oe One reason why the A. O. Smith 
| ee Corporation is the major source 
| of supply for Automobile Frames 
today is the contributions that 


| oot A. O. Smith Engineers have been 
| able to make to the roadability of 

ee new models. 
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ENGINEERING FOR MASS PRODUCTION 


Another reason has been the 
engineering of mass production 
machinery by A. O. Smith Engi- 
neers that produces better frames 
at equal or lower costs. 
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A.O.SMITH CORPORATION 


Auto Products Division 
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| NORMAL 
” STEEL 
Required for 
| Aetna i 


Bearings. 
{Note the even 
grain structure. 


Precision Beyond 
Specifications 





Automotive Engineers know that each bar 
of steel that goes into the making of Aetna 
Thrust Ball Bearings is ordered to strict 
specifications—that each bar undergoes se- 
vere metallographic tests in the Aetna En- 
gineering Laboratories—and that only the 
finest steel is accepted. Aetna Bearings 
must give perfect performance. 


The modern automobile is a masterpiece of 
design and construction. Motor power has 
been increased and smooth operation made 
a requisite of every moving part. Aetna 
volume production enables us to take ad- 
vantage of manufacturing economies—but 
never have we found it necessary to sac- 
rifice quality for quantity. The strict stand- 
ards of Aetna manufacture have coined the 
phrase—‘“Precision Beyond Specifications.” 


Our Engineering Department stands ready at 
any time to consult with any manufacturer in 
the design of special thrust ball bearings—or 
to quote on Aetna Bearings as standard equip- 
ment. Let us send you the latest Aetna Engi- 
neers’ Catalog with complete specifications. 


AETNA BALL BEARING MFG. CO. 


2745 High St., Chicago, IIl. 


AETNA 


THRUST BALL BEARINGS 
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John A. Bishop, until lately supervisor of motor-vehicles 
with the Socony Burner Corporation, New York City, has 
become associated with the Standard Oil Co. of New York 
in the capacity of office manager in the maintenance divi- 
sion. 


J. E. Bourne, a former student at the Massachusetts In. 


| stitute of Technology, will enter the service of the Ingersoll- 





| Rand Co., at Phillipsburg, N. J., on Sept. 15. 


Herbert C. Colburn is now aeronautical engineer for the 
Aircraft Engineering Co., Los Angeles. Prior to estab- 
lishing this connection, he was general manager of the 


| Colburn Radio Laboratories, of San Francisco. 


Formerly metallurgist for the Titusville Forge Co., of 


| Titusville, Pa., Glenn Coley recently formed an affiliation 


with the Detroit Edison Co., Detroit, his new position to be 
in the power sales departmert. 

Edward W. Dart, formerly experimental engineer at the 
automotive laboratory of the Texas Co., Bayonne, N. J. 
has become a member of the engineering staff of the Metal 
Aircraft Corporation, of Cincinnati. 

G. R. Davenport has left the Studebaker Corporation, 
South Berd, Ind., where he held the post of special engi- 
neer, to act in a similar capacity for the Graham-Paige 
Motors, Detroit. 

Livingston Disbrow lately became associated as drafts- 
man with the Bellanca Aircraft Corporation, Staten Island, 
N. Y. He was previously designer for the International 
Motor Co., Lorg Island City, N. Y. 

F. A. Dodge, in accepting the position of general sales 
manager of the W. G. Nagel Electric Co. at Toledo, Ohio, 


| renews an affiliation which lasted two years, dating back to 








Not up toAetna 


1924. In the interim Mr. Dodge was vice-president of the 
J.C, Haartz Co., of New Haven, Conn. 


A. L. Doerr, formerly special representative of the Gen- 
eral Motors Truck Co., Detroit, has been transferred to the 
General Motors Export Division. Mr. Doerr sailed last 
June 14 to join the truck and bus division of General 
Motors (Australia) Proprietary, Ltd., located at Melbourne. 


James L. Endicott recently resigned his position as chief 
engineer in charge of production of the Elgin Oil Burner 
Corporation, City of Washington, to become manager of 
Maurice J. Colbert, distributor of Petro oil burners, also in 
the City of Washington. 

Milton W. Franklin, formerly president and general man- 
ager of M. W. Franklin, Ltd., in Honolulu, has sold the busi- 
ness and will temporarily suspend engineering activities to 
take a long-earned vacation in California. 

M. C. Frins, chief draftsman in the engineering depart- 
ment of the International Motor Co., has transferred his 
activities from Long Island City to the Plainfield, N. J., 
plant of the same company. 

Lester D. Gardner, until lately owner and publisher of 
Aviation, has been elected president of Aeronautical Indus- 
tries, a new company recently organized in New York City 
for the purpose of providing expert advice and of financing 
airplane builders ard airline operators. 

Frank Hadley, who is employed as layout draftsman by 
the International Motor Co., has been transferred from 
headquarters in Long Island City, N. Y., to the Plainfield 
branch, 

W. C. Heavrin, who until lately was lubricating engineer 
with the Standard Oil Co. of Indiana, located in Chicago, 


is now employed as salesman by the James W. Bell Co., 
Cedar Rapids, Iowa. 
Arthur E. Hutchison is now connected with the Simplex 


Piston Ring Co. of America, Inc., at Cleveland, in the ¢a- 
pacity of Eastern engineer, having resigned his position 
as service engineer with the Simplex Piston Ring Co. of 
Brooklyn. 

Hudson W. Kellogg, previously timekeeper for the Pack- 
ard Motor Car Co. of New York, is at present employed 


(Continued on next left-hand page) 
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He Cursed the 


—But LACK of LUBRICATION was the REAL Trouble! 





AR 


In just 5 minutes you can prevent this 
injustice to the cars you sell 


WE have recently investigated repair bills 

and service in 45,000 garages, service 
stations and dealers’ service departments. This 
disclosed too many cases where the owner con- 
demned the car—and inspection showed the 
trouble due to improper or neglected lubri- 
cation. 


Avoid this in 5 minutes 
—as you sell the car! 


Naturally, you impress upon the new owner 
the performance and merit of the car he buys. 
Now take 5 minutes more to insure he keeps 
on getting all the fine service that’s built into 
it. Don’t let him drive off until he understands 
the importance of regular, proper lubrication! 
Explain the Alemite system to him thoroughly 
AND: 


Make sure that he comes back to YOU for 
regular ALEMITE-ING (forcing genuine Alemite 





lubricant into gears of car—with Alemite 
equipment). 


You cash in two ways 


You pave the way to future sales. By guarding 
against ignorant misuse of the car you sell. 
And you know from experience that most of 
tomorrow’s sales are built from the perform- 
ance of cars in use today. This emphasis on 
Alemite lubrication will go far to make every 
buyer enthusiastic over your car’s performance. 


In the second place, you are bringing that 
owner back once or twice each month for 
service. Thus you keep in constant touch with 
him. And this service makes you a net profit 
of from $12 to $25 per year on each car—your 
service profit on Alemite-ing! 

The Bassick Manufacturing Company Di- 
vision of Stewart-Warner, 2654 N. Crawford 
Avenue, Chicago, Ill. Canadian address: The 
Alemite Products Company of Canada, Ltd., 
Belleville, Ontario. 


| |e 


HIGH PRESSURE LUBRICATION 


OT.B.M.Co, 
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NA ETNA 


| Double -Action ~ Non-Curling | 


SHIMS 


you can do BOTH 


(1) Improve motor performance 
(2) Cut manufacturing costs 


Motors cease to perform sat- 

isfactorily when bearings lose 

THESE their adjustment. NATION. 

Motor AL Shims improve motor 

Manufacturers performance, in that (1) they 

are neo ee ne their 

original factory adjustment 

DOING IT (2) they facilitate panies 

DODGE adjustments in service. They 

CHEVROLET cut manufacturing costs, in 

G. M. C. that (1) they accelerate ac- 

beg curate bearing assembly (2) 

CATERPILLAR they eliminate loss from over- 

CONTINENTAL stripping (3) they reduce the 

HALL SCOTT number of rejects. This com- 

pape aa ol bination of advantages is 

inherently and exclusively 

Taacton | NATIONAL, in that (1) 

NATIONALS are made of 

hard brass, layer on layer, 

nothing between, and do not compress under bolt 

pressure (2) they are soldered at the edge only, layers 

are already separated for quicker, easier fitting, no 

stick, no curl, double action—take off or put back 

‘ leaves at will. Submit blueprints for prices. Designs 
and suggestions by our Engineers upon request. 


1. Unit (laminated type) shims 2. Babbit-faced shims 
3. Steel shims 4. Steel bronze-faced shims 5. Steel liners 
6. Copper liners 7. Brass liners 


NATIONAL MOTOR BEARING CO., I 


DETROIT . . . 222 West Larned Street 
SAN FRANCISCO . 460-470 Natoma St. 
CHICAGO . . . 30 West Walton Place 


CA!so manufacturers of 


STAR LOCK WASHERS 
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by the International Motor Co., Plainfield, N. 
work consisting of testing engines. 

Herman F. Krantz, a former student at the Massachy. 
setts Institute of Technology, lately entered the service 
of the Otis Elevator Co., at Boston, as a student. 


G. W. La Selle, formerly associated with the engineering 
department of the Erie Steam Shovel Co., Erie, Pa., recently 
formed a similar affiliation with the Hercules Motors Cor. 
poration, of Canton, Ohio. 


Robert P. Lay has severed his connection with the Penn 
Sprirg Works, of Baldwinsville, N. Y., for which he acted 
as chief engineer, to become assistant chief engineer of the 
H. H. Franklin Mfg. Co., at Syracuse, on July 1, last. 

Otto Lohmann has announced a change in position and 
residence. Formerly technical director in the automobile 
manufacturing department of Mauser-Werke Automobi] 
Gesellschaft, at Oberdorf am Neckar, Germany, he now 
holds a similar position with Gemeinschaft Deutscher Auto- 
mobilfabriken G. m. b. H., in Hamburg, Germany. 

Arthur Ludwig recently resigned as draftsman with the 
International Motor Co., Long Island City, N. Y., to accept 
a like position with the Kennedy, Van Saun Mfg. Engineer. 
ing Corporation, in New York City. 

Marie Luhring, associated with the International Motor 
Co., Long Island City, N. Y., in the capacity of assistant 
engineer in the rail-car department, has been transferred 
to the Pond Plant of the company, located in Plainfield, 
i Ae 2 

Murray Mantelman has accepted a position as automatic- 
machine designer for the S. P. Ellsworth Mfg. Co., of 
Brooklyn, N. Y. Mr. Mantelman previously attended Brook- 
lyn Polytechnic Institute. 

Capt. D. G. McGregor, of the Ordnance Department, 
United States Army, formerly stationed at Springfield, 
Mass., has been transferred to duty at Fort Leonard Wood, 
Camp Meade, Maryland. 

James D. McMahon, a former student of the University 
of Detroit, has entered upon the student training course 
given by the Fisher Body Corporation, of Detroit. 

Fritz Mitschke lately established a connection with the 
Nationale Automobil Gesellschaft, at Berlin, his work to 
consist of tool designing. Mr. Mitschke has been a resident 
of Germany since the latter part of March, when he re- 
signed his position as tool designer for the New Brunswick 
branch of the International Motor Co. to go abroad. 

Charles L. Nein became designer for the Ward Motor 
Vehicle Co., Mt. Vernon, N. Y., on June 1. Prior to his 
acceptance of this position, he filled a similar post in the 
International Motor Co., Long Island City, N. Y. 

Alling Parkhurst, formerly special representative for the 
Commercial Truck Co. in New York City, recently estab- 
lished a connection with the Walker Vehicle Co., of New 
York City. 

Louis F. Pietz, a former inspector of the International 
Harvester Co. of America, Springfield, Ohio, is now ass0- 
ciated with the Buda Co., of Harvey, IIl. 

Eugene R. Pritchard has annourced his new connection 
with the Walker Vehicle Co. He was previously assistant 
engineer in charge of special equipment design for the 
International Motor Co., Allentown, Pa. 

Fred Rath, formerly tool designer for the International 
Motor Co., will serve the Curtiss Aeroplane & Motor Co, 
Buffalo, in a similar capacity. 

Ralph E. Rich is now plant manager of the Auto Acces- 
sories Corporation, located at Chicago. Prior to accepting 
this position he acted as special engineer in the milled- 
nut department of the Lamson & Sessions Co., at Kent, 
Ohio. 

Paul R. Riess, following his resignation as New England 
service representative of the Reo Motor Car Co., last May 
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Have You 


Consulted Our 


RESEARCH 


DEPARTMENT 


9 


ANY automotive en- 

gineers have taken 
advantage of the opportun- 
ity of consulting our tech- 
nical staff when confronted 
with problems pertaining 
to the use of Copper, Brass 
or Bronze in motor car con- 
struction. 


Perhaps you would like 
us to assist you in the selec- 
tion of some special copper 
alloy for some mechanical 
part. Or maybe you would 
appreciate our advice on 
the use of these metals for 
trim. 


If we can be of service to 
you feel free to call upon 
us. There is no cost or obli- 
gation on your part. It is 
a part of the function of this 
organization to cooperate 
with automotive engineers. 


COPPER & BRASS 


RESEARCH ASSOCIATION 


25 Broadway, New York 
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accepved the position of service manager for Frank Crook, 7 
Inc., in Pawtucket, R. I., Reo distributors for the State 
of Rhode Island. 

V. W. Schlieder, former vice-president and treasurer of 
the Schlieder Mfg. Co., of Detroit and Milford, Mich., has 7 
assumed the secretaryship of a new company formed: sey- 
eral months ago by the merging of the Schlieder Mfg. Co, 
ard the Gill Mfg. Co., of Chicago, with the Diamond Motor 
Parts Co., of St. Cloud, Minn. 

Earl C. Smith has given up his position as inspector for 
the John Warren Watson Co., Philadelphia, to become shop 
engineer of the International Motor Co., at’ Allentown, Pa, 

J. R. Starr, a Purdue University student, recently joined | 
the Frigidaire division of General Motors, Dayton, Ohio, 
as a student ergineer. 

Carl A. Stickel, formerly a member of the engineering 
staff of the Menominee Motor Truck Co., is now junior 
patent examiner in the United States Patent Office at the 
City of Washington. 

Horace S. Strong’s title was changed on June 1 from 
specification engineer in charge of engineering records, at 
the Milwaukee division of the Nash Motors Co., to assistant 
production manager of that division. ’ 

A. M. Swigert, Jr., has become associated with the John = 
Deere Tractor Co., at Waterloo, Iowa, in the capacity of 
tool designer. He previously studied engineering at Iowa 7 
State College. 

F. M. Vandervoort resigned recently as design engineer 
of the Mullins Body Corporation, Salem, Ohio, to accept | 
a similar position with the White Motor Co., Cleveland. 

The Veeder Mfg. Co., of Hartford, Conn., founded by its 7 
president, Curtis H. Veeder, in 1895, and the Root Co., of 
Bristol, Conn., have merged as Veeder-Root, Inc. Mr, 3 
Veeder plans to retire from active business but will remain } 
for a time in the new company in an advisory capacity. 

Kenneth W. Warren last January formed an affiliation 
as design engineer with the LeBlond Aircraft Engine Cor- 
poration, of Cincinnati, when the above corporation bought 
the Detroit Aircraft Engine Corporation, for which Mr, 
Warren had acted in a similar capacity. 

Joseph Wertzheiser recently accepted the presidency of 7 
the Radworth Mfg. Corporation, Brooklyn, N. Y. Prior to 
forming this connection, he was vice-president of the Meteor 
Electric Corporation, of New York City. 

R. R. Whittingham has severed his connection with the 
Vacuum Oil Co., New York City, where he acted as east- 
ern manager of the commercial-car division, to accept the 
presidency of Auburn Sales, Inc., at Wilmington, Del. 

A. M. Willing has been made technical field representative 
in the Manila zone, Philippine Islands, of the General Motors 
Export Co., New York City. He formerly served in the 
capacity of service engineer for the same company. 

James Wills has left the service of the National Biscuit 
charge of drafting with the R. C. A. Photophone Co., also 
of New York City. In his previous position Mr. Wills} 
was ergaged in automatic-machine designing. 

Walter A. Wood, previously head of dynamometer tests % 
in the General Motors Corporation Research Laboratories J 
at Detroit, recently joined the engineering department of 
the Buick Motor Co., at Flint, Mich. 

Samuel H. Woods is now acting as manager of the new 
car department of the General Motors Truck Co., New # 
York City. Prior to his acceptance of this position, Mn¥ 
Woods served as an engineer for the International Motor 
Co., Long Islard City, N. Y. 

H. A. Zeller, connected with the General Motors Export 
Corporation, of New York City, recently sailed for Ger- 
many to become associated with the foreign branch of the7 
corporation, located at Berlin, Germany. 

H. L. Zimmerman has formed an affiliation with the 
Milwaukee plant of the Nash Motors Co., having resigned 
his position as sales engineer of the Perfex Corporation, 
at Milwaukee. 
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: :. is a waste of time — sheer folly — 
| to work and adjust to get a good 


If we are working with a resistance medium 
which is of such nature that it is altered by 
conditions over which we have no control, 
the weather for example, we have gotten 
nowhere after we have succeeded in get- 
ting the ride we want—for tomorrow the 
weather is bound to change and the ride 
will change with it—will be something 
different, maybe vastly different, from 
that which we had chosen. 


The latest contribution of the Watson Or- 

ganization is destined to revolutionize all 

Industry—for Watson has produced, for the 

first time in the history of industry, a re- 

sistance medium, RUBBER FLOW, which 

is unaffected alike by wet and dry, and also 

is unaffected throughout any temperature 

range encountered in service. This newly 

developed resistance medium will quickly 

find its way far beyond the realm of 

*sshock absorbers,’’ for all industry is de- 

manding and will welcome a resistance 

medium which remains unchanged today, 

tomorrow and every day. 

® P P WATSON 

When you get the ride you want with the new STABILATOR 
Watson RUBBER FLOW Stabilators—that ride, 


) EEE / 
\ ’ 
exactly that ride, will be yours to enjoy every RUBBER 


day of the year whether it be Zero January, 


uN sf 
Ninety-in-the-Shade July, Thawing and Sloppy F how 
V 


March, or Glorious October. Now, for the first | 
time, a “ride” is yours on a “stay put’ basis. SOFT SMOOTH SILENT 


John Warren Watson Company, Philadelphia a I wa ys 





